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Fore^word 



WITHIN recent years the internal-combustion motor and 
the self-propelled vehicle have become such important 
factors in the evolution of industrial, commercial, and social 
life, that a distinct need has been created for an authoritative 
work of reference embodying the results and methods of the 
latest approved practice in the construction, care, and operation 
of the various types of motor cars and other vehicles driven 
by gas, steam, and electricity, and in allied branches of this 
rapidly developing field of apparently unlimited possibilities. 
It is the purpose of the Cyclopedia of Automobile Engineering 
to fill this acknowledged need. 

C The application of the internal-combustion motor, the steam 
generator, the storage battery and electric motor, to the devel- 
opment of types of mechanically propelled road carriages and 
motor boats, is a far-reaching engineering problem of great 
difficulty. The same is true of the airship motor and the appli- 
cation of the gas engine to the development of efficient and 
economical methods of power production for atrial navigation. 
While not all details of these problems have as yet been finally 
worked out or reduced to standard practice, sufficient progress 
has been made to assure results of permanent value. In so 
far as these results are embodied in the constructions used in 
typical modem cars, they are presented in these pages with- 
out any attempt at great refinement of engineering subtleties. 
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but with all explanation of details essential to a working 
knowledge. 

C Special stress is laid on the practical as distinguished from 
the merely theoretical or descriptive form of treatment, so 
that these volumes will be found especially adapted for pur- 
poses of self-instruction. They are designed not only to meet 
the requirements of instruction for the novice, but also to 
serve as a reference work replete with information and sug- 
gestions of the utmost practical value to the most experienced 
chauffeur and engineer. 

C The method adopted in the preparation of the Cyclopedia 
of Automobile Engineering is that which the American School 
of Correspk)ndence has developed and employed so success- 
fully for many years. It is not an experiment, but has stood 
the severest of all tests — that of practical use — which has 
demonstrated it to be the best method yet devised for the 
education of the busy man. 

€L For purposes of ready reference and timely information so 
frequently needed in automobile operation and construction, it 
is believed that these volumes will be found to meet every 
requirement. 

C Grateful acknowledgment is due the corps of authors and 
collaborators — engineers of wide practical experience, and 
teachers of well-recognized ability — without whose co-opera- 
tion this work would have been impossible. 
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AUTOMOBILES 



PART I 



In attempting to study the operation and function of the various 
parts constituting the automobile, the best plan is, first, to analyze 
the machine into its distinct groups of parts, and then to determine 
the function of each part in each group. 

COMPONENT PARTS OF A MOTOR-CAR 

The essential parts of the automobile may be broadly classified 
under three main heads — namely: 

(a) The Running Gear; 

(b) The Power Plant; 

(c) The Body, its Accessories and Fittings. 

THE RUNNING GEAR 

The running gear (Fig. 1) consists of: Wheels (A), for supportmg 
and propelling the whole machine; Tires (B), for cushioning the car 
from rough shocks and jars, and for providing a sufficient adhesion 




Pig. 1. Running Gear of a Motor-Car. 
-4— Wheels; ,0— Tires; 6— Axles; /?— Springs; jET— Frame. 

of the wheels to the roadway to insure the friction necessary for pro- 
pulsion when the wheels are rotated; Axles (C), to carry the wheels 
and maintain them in correct relative position; Springs (D), to 
eliminate more completely the shocks and jars; Frame (E), to which 
all the above parts of the vehicle are attached in the best possible 
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AUTOMOBILES 



location, such frame being capable of sustaining the loads to be 
carried. In addition to the above features shown in Fig. 1, the 
running gear (see Fig. 2) includes steering devices (controlled by 
hand-wheel, shown at upper right), for altering the direction of move- 




Fig. S. Typical Chassis of a Motor-Car, Showing Rnnning Gear and Power Plant. 
Nordyke A Marmon Company, Indianapolis, Ind. 

ment of the vehicle; equalizing mechanism or differentials (generally 
housed, as shown at center of rear axle), for permitting one driving 
wheel to turn faster than the other when the machine is turning a 
curve; changC'Speed devices (ordinarily controlled by hand-lever, 
shown between front and rear wheels at right), for altering the speed 
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AUTOMOBILES 



of the vehicle while that of the engine may be left unchanged; and 
brakes (ordinarily operated by foot-levers, shown under steering 

wheel), for bring- 
ing the vehicle to 
a gradual or im- 
mediate stop. 

Power Plant. 
The power plant, 
in the case of the 
gasoline-driven 
car, consists of the 
EngineyFlyAVIieel, 
Carbureter, Clutch, Transmission, and Water-Pump, as shown in 
Fig. 3. In addition to these parts, the power plant of the gasoline- 
driven car includes: Batteries, Spark-Coils, Spark-Plugs, Oiling 




Pig. 4. Wood Body. 




^5;h^i£T£^°^^^ ^*^*s ®' ^^ Aluminum Body. 
Nordyke & Marmon Company, Indianapolis, Ind. 

Devices, and other features discussed in detail as to their operation 
under subsequent headings. The power plants of steam-driven and 
electrically driven cars are also described in detail in chapters de- 
voted to these types. 
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AUTOMOBILES 



Body. The body may be either of wood, of pressed steel, or of 
cast aluminum. The various styles of bodies ai-e classified and de- 
scribed later. 

As to materials, solid wood or veneered wood bodies (Fig. 4) 
are both liable to cracking and warping,, due to exposure to the 
weather. The pressed-steel body is liable to dents. Aluminum 
bodies (Fig. 5) are usually cast in separate pieces, and finished with 
wood seats. Taken all in all, the cast aluminum body is best. It is 
not usually furnished, however, in the cheaper types of car at present. 




Fig. 6. Pressed-Steel Frame, with Pressed -Steel Motor and Gear Case Support 

which Acts as Bracing at Weakest Part of Frame. 

Corbln Motor Vehicle Corporation, New Britain, Conn. 

The Frame. Pressed steel is to-day practically the universal 
material for automobile frames. The name "pressed steel" arises 
from the fact that the steel is cut from sheets which are placed be- 
tween dies and forced into shape by heavy presses. This pressing 
is always done while the steel is cold, since, if the metal were heated, 
it could not be maintained at a uniform temperature in the presses, 
and would warp. Moreover, the scale would have to be removed 
for the sake of good appearance of the frame. 

Fig. 6 shows a pressed-steel frame as constructed by the Corbin 
Motor Vehicle Corporation, New Britain, Conn. A feature of this 
frame is the formed sheet-metal pan, of heavy gauge, which is riveted 
to the side and cross-members of the frame proper, and to which the 
flanged motor and gear cases are bolted. This construction makes 
the front part of the frame practically an I-beam section laid flat, and 
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AUTOMOBILES 




largely eliminates the tendency to sag or settle. It must be remem- 
bered, from the very fact that the frame material is ductile enough 
to have permitted of its being pressed cold without cracking, that in 
the very nature of things it can have no real springiness, and re- 
peated shocks and bounces will cause it gradually to settle. This 
settling will occur at the weakest part of the frame, and is usually not 

-l- L^-- 

Fig. 7. Side Bar of Frame, Showing Excessive Riveting. 

over one-eighth of an inch — ^hardly enough to be noticed with the 
eye; but it is enough to affect any mechanism that depends on the 
frame to maintain perfect alignment of parts. Troubles with 
bearings in engines and transmissions can often be traced to this 
source. 

Theoretically the best material to resist this sagging tendency 
is steel, wood-filled. The trouble with wood filling, however, is 




Fig. 8. Frame Weakened by Excessive Riveting in Parts Subjected to 
Heaviest Weight. 

that hot riveting cannot be done, and cold riveting is likely to split 
the pressed-steel frame; so, in actual practice, the wood-filled frame 
has almost disappeared. 

Fig. 7 shows a side bar of a typical four-cylinder car, in which 
altogether too many rivet-holes have been punched or drilled. 

Fig. 8 shows a frame construction in which the strain tending 
to produce sagging has been allowed to come at points of the frame 
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which have already been weakened by rivet-holes. Both of these con- 
structions are faulty, and should be avoided. 

Fig. 9 shows a type of motor suspension which does away with 
the drop frame, and is designed for a minimum number of rivet- 




A. 



h^ 




^ 
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Pig. 9. Three-Point Motor Suspension. 
Stevens-Duryea Company, Chlcopee Falls, Mass. 

holes. The motor frame is suspended at points 1, 2, and 3, points 
1 and 2 being side lugs, and 3 being a cross-bar. This type of sus- 
pension is employed by the Stevens-Duryea Company of Chicopee 
Falls, Mass. It should be noted that the points of suspension are 
three. A three-point suspension of the motor is preferable to a 
four-point, for the reason that any lateral distortion produces an 




Fig. 10. Rear Spring Suspension. 
Peerless Motor Car Company, Cleveland, Ohio. 

undue strain at one of the four points in the latter type of suspen- 
sion, while in a three-point suspension the strain is equally dis- 
tributed. 

Spring-Hangers. The spring-hangers are drop forgings closely 
fitting into the ends of the pressed-steel frame, as seen in Fig. 6. They 
must be of sufficient length not to unduly strain the frame, and must 
be hot-riveted to the frame. 
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Springs. Intermediate l>etween the frame and the axles are> 
the springs. These are attached to the spring-hangers by means of 

spring links, and rest on surfaces 
called spring seats on the axles. 

Fig. 10 shows the rear spring 
suspension employed by the Peer- 
less Motor Car Company of Cleve- 
land, Ohio. The springs shown 
are what are designated as semi- 
cUlptical springs, with eight leaves. Formeriy springs were used as 
short as 34 inches, but the tendency is toward longer springs, 44 




Fig. 11. Full Elliptical Spring. 

Reliance Motor Car ('ompany, Detroit, 

Mich. 




FiK. 12. Front View, Franklin Spring Suspension, Showing Tubular Front Axle. 
H. U. Franklin Manufacturing Company, Syracuse, N. Y. 

inches being not an uncommon length. Fig. 10 also illustrates 
what is called the drop tj^^e of frame construction, the frame drop- 
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ping down between the wheels so as to carry the passengers nearer 
the ground and thus lower the center of gravity of the loaded car. 

Fig. 11 shows a jull elliptic spring, with five leaves. This type 
of spring is used on the lighter types of cars, but has been largely 
superseded by the semi-elliptical in heavier cars. 

Front Axles. Front axles have developed from the solid type 
with steering yoke part of the same forging, to the tubular type with 
drop center and with the steering yoke drop-forged and brazed onto 




Pig. 13. I-Beam Tyi)« of Front Axle, with Parts Making Up Pron^Axle System, 

as Used In Frayer-MlUer Cars. 
A— Axle; 5— Knuckle: C— Pins; i>— Nuts: .fi^— OUer; F, (?— Roller Bearings (Timken) ; 
//—Nut; y, /f— Steering Arms: X— Cross-Rod: if- Yokes; iV— Pins: 0— Cotters: P— Oiler; 
^— Pore and Aft ConnectingTube; i?— Ball Joint; -S— Nut; r— Front Hub; U— Flange; 
K— Bolts ; >r— Spring Clips : jT— Nuts. 

Oscar *•' •• A.utomobile Company, Columbus, Ohio. 

the main axle tube *11ie tubes employed are seamless, of 2 to 2 J 
inches diameter, with ^-inch walls. However, the uncertainty of 
workmanship in connection with brazing has resulted in a tendency 
toward the I-beam type of front axle, in which the steering yoke is 
part of the same piece, as is also the spring seat. 

Fig. 12 shows the tubular type of front axle as employed in the 
Franklin motor-car. Fig. 13 shows the I-beam type of axle, to- 
gether with a list of detail parts which go to make up the assembled 
front axle, as used in the Frayer-Miller car. 

Rear Axles. Rear axles are mostly of the live or* rotating type. 
A few cars which use the double-chain drive employ a non-rotating 
or dead rear axle — that is, one on which the wheels turn, while the 
axle itself does not turn with the wheels. This t^^e of axle is con- 
siderably used on commercial trucks. 

For touring cars and passenger cars generally, the tendency in 
America has been towards the live axle, usually made in halves, each 
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half driven from a cen- 
trally located differen- 
tial gear set. The 
construction and oper- 
ation of differential 
gears is more fully 
taken up later under 
the heading of "Power 
Transmission." 

Fig. 14 shows a 
chairv-driven rear axle, 
the axle being in two 
halves. The rear 
wheels are keyed onto 
each half of the live 
axle, which rotates in 
roller bearings. The 
illustration shows the 
axle used by the Cad- 
illac Automobile Com- 
pany. 

Fig. 15 shows the 
axle construction used 
on Reo cars. 

Fig. 16 shows a 
shaft-drive rear axle 
of the live type, the 
wheels rotating with 
the axle. 

Fig. 17 shows what 
is known as the clvich- 
drive or floating tjpe 
of live axle. In this 
type the rear wheels do 
not rotate on and with 
the live axle-halves, 
but, as seen in the cut, 
they rotate on the dead 
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PlK. 15. Axle Construction on Reo Cars. 
Beo Motor Car Company, Lansing. Mich. 




Fig. 16. Shaft-Drive Rear Axle, Rear Vertical View at Left, Horizontal View at Right. 
Timken Roller Bearing Axle Company, (Canton. Ohio. 




Pig. 17. Clutch-Drive or Floating Tjrpe Rear Axle, Rear Vertical View at Left, 

Horizontal View at Right. 

Timken Roller Bearing Axle Company, Canton, Ohio. 
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outer casings of the axle, without being connected to it except through 
the dog-clutch, which is kept in position by the hub-cap. In this 
type the axle tubes carry the weight of the car and of the wheels. 

Rear-axle tubing should be not less than 2 inches in diameter; 
some cars use as large as 3 inches in diameter. The tubing should be 
reinforced by a strut, as shown in the cuts. -^ 

Steering Yoke, Neck, and Knuckle^ The front axle terminates 




.-— — --'--r,— ••*-PfJ»,\*^ »^rt^^. '^ 



Fig. 1^- Steering Yoke, Neck, and Knuckle. 
Packard Motor Car Company, Detroit, Mich. 

at either end in the steering yoke. In the tubular type of front axle, 
the steering yokes are usually brazed into the axle tube. The I-beam 
type of front axle usually ha^ the yoke part of the I-beam piece, 
thus making the axle and steering yoke all in one piece, securing a 
better construction. 

Fig. 18 shows the tubular type of axle, together with steering 
yoke, neck, and knuckle, as employed by the Packard Motor Car 
Company, of Detroit, Mich. The yoke, it will be seen, carries the 
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vertical steering spindle or neck. The latter, in turn, supports the 
wheel, and is also attached to the steering knuckle. 

Fig. 19 shows a detail of steering knuckle as used in the Rambler 
car built by Thos. B. JefTery & Company, Kenasha, Wis. The load 
is carried on the thrust-bearing 
shown in section under the upper 
a;rm of the steering yoke. This 
bearing comprises two hardened 
tool-steel plates and a row of 
thirteen |-inch steel balls. The 
center pin is tapered from \\ 
inches at the top to | inch at 
the bottom. At each end is a 
nut bearing against the yoke, 
whereby the position of the taper 
pin within this bearing in the knuckle may be adjusted. To adjust 
it, the nut at the upper end must be loosened, and the one at the 
lower end tightened. This will draw the taper downward into its seat 
in the knuckle. If too tight, release the lower nut and screw down 
the upper one. WTien properly adjusted, tighten both nuts. 

The ball thrust-bearing is usually packed in hard grease, and 
will require very little attention. The center pin is provided with an 




Fig. 19. Detail of Steering Knuckle, 

Rambler Car. 

Thomas B. Jeflery & Co., Kenosha, Wis. 




Fig. 20. Steering Mechanism of the Cart^rcar. 
Motor Car Company, Detroit, Mich. 



oil-cup which feeds through a vent as indicated, into the bearing of 
the pin. 

Steering Connections. The two steering knuckles are con- 
nected by a rod known as the transverse rod or cross-rod, so that they 
will move in unison. This rod is shown in Fig. 20, as used in the 
Cartercar, built by the Motor Car Company, Detroit, Mich. 

The vertical steering spindle or neck, in addition to carrying the 
wheel bearing, in the case of the right-hand spindle is usually made so 
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as to form also in one piece the steering arm. This construction is 
shown in Fig. 21, as used by the Timken Roller Bearing Axle Com- 
pany, Canton, Ohio. It will be noticed that the steering arm tenni- 
nates in a round ball. This ball is part of a ball-and-socket joint 




Fiff. 21. Steering? Arm. Showing Ball Joint. 
Timken lioUer Bearing Axle Company, Canton. Ohio. 



connecting the steering ann, through a reach-rod, to the sector shaft 
of the steering column. 

Fig. 22 shows the reach-rod as used in the Oldsmobile, made 
by the Olds Motor Works, Lansing, Mich. The socket part of the 
ball-and-socket joint is usually composed of two hollowed-out bronze 

blocks adjustable 
for wear. 

Steering Gear. 
Cars are almost 
universally steered 
by means of a large- 
diameter hand- 
wheel on the top of 
a considerably in- 
clined tubularsteer- 
ing post or column. 
The steering wheel 
is usually made of 
a solid three-arm 
brass ring, covered 
with black walnut 
or cherry and given a natural wood finish. The steering column is 
made of heavy steel tubing with brass tube outside, the outer casing 
serving for a standard or support. The innermost tube is the one 
usually used for steering purposes. Concentric with the steering 
tube, and surrounding it, there are frecjuently placed Qtber tubw 




Fig. 22. Steering Connections of Oldsmobile. 
Olds Motor Works, Lansing. Mich. 
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which serve other purpases — in connection with spark and throttle 
control. 

The steering wheel's motion is transmitted through the inner- 
most tube, to a screw or worm, which in turn meshes with a nut or 
gear or sector of a gear, operating a bell-crank connected with the 
steering arm. 

The screw and split or adjustable nut type of construction is 
claimed to be less liable to 
have back-lash than the worm- 
and-gear type, as in the former 
all back-lash due to wear may 
be readily taken up. 

Fig. 23 shows a steering 
colunm of the screw and nut 
type as used by the Knox 
Automobile Company, Spring- 
field, Mass. The screw is in- 
tegral with the column, and is 
cut from the solid bar. The 
nut is exceptionally long, and 
is formed of hard babbitt, fin- 
ished to exactly fit the quin- 
tuple thread; and has a formed 
space on one side fitting a cor- 
responding block upon the cap, 
thus preventing the nut from 
turning. The bell-crank in 
this part is of nickel-steel. Fig. 24 shows a detail of the nut and 
bell-crank in this same column. 

The steering mechanism of an automobile is subjected to more 
severe stresses and heavy vibratory strains than any other part, and 
a break in the steering gear is almost certain to result in a dangerous 
accident. Hence the need for most liberal dimensions and superfine 
quality of material, and for extreme care in construction of all parts 
connected with the steering system. 

Fig. 25 shows the worm-and-gear type of steering gear as used 
by the Peerless Motor Car Company, of Cleveland, Ohio. This type 
is found used about as frequently as the screw and nut type; and if 




Fig. 23. Steering Column of Screw and Nut 

Type. 

Knox Automobile Company, Springfield. Mass. 
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the gears are perfectly cut, truly adjusted, and made of best material, 
there should be no perceptible wear. In the gearing system shown 
in the illustration, the worm is located at the base of the steering 
column proper. When the hand-wheel is turned, this turns a gear. 

A shaft is forged with this gear, to which 
is attached an arm operating the con- 
necting-rod to the steering knuckles. 
Around the shaft, where it protrudes 
through the gear casing, is an eccentric 
bushing graduated by thirty-seconds of 
an inch, which may be moved to take up 
any lost motion in the steering wheel. 
Moving this bushing so that the widest 
part is away from the steering column, 
forces the gear into closer mesh with the 
worm. Moving this bushing a quarter 
of an inch at the most, should be enough 
to take up any wear. Should any of 
the teeth become worn, disconnect the 
arm from gear to connecting-rod, and 
five complete turns of the steering hand- 
wheel will give a new set of teeth on 
the gear. Thrust-bearings with f-inch 
balls are placed above and below the 
gear on the steering column, and are self- 
seating; and the worm is adjusted for 
end play by screwing down an adjust- 
ing nut at top of casing. 

The more usual form is to use simply 
a sector of a gear, instead of a whole 
gear. This t}7)e of construction is shown in Fig. 26, as used by the 
Corbin Motor Vehicle Corporation, of New Britain, Conn. The 
form shown is a worm and sector cut by the Hindley patented 
process. By this process, every tooth in the worm is in contact 
with, and for the full width of, the sector face. The steering case is 
of Parsons manganese bronze, and all minor parts of the steering 
system are made of high-class steel forgings. 
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Pig. 24. Detail of Nut and Bell- 
Crank In Screw and Nut Type of 
Steering Gear. 

Knox Automobile Company, 
Springfield, Mass. 
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THE POWER PLANT 

The power plant of an automobile includes the prime mover and 
all the accessories necessary to start it and keep it in continuous 
motion. In the case of the electrically driven automobile, the power 
plant includes the batteries, rheostat, motor, and other details which 
will be described under the heading of Electrically Driven Cars. 
In the case of steam-propelled automobiles, the power plant 
includes the boiler, engine, heating outfit, and accessories as de- 







Fig. 2S. Worm-and-Gear Type of Steering 
Gear. 
Peerless Motor Car Company, Cleveland, 
Ohio. 



Pig. 26. Worm and Sector Tyi>e of Steer- 



ing Gear. 

r Vehicle Corporation, 



Corbin Motor 

New Britain, Conn. 



scribed under the heading of Steam-Driven Cars. In the case 
of the gasoline-driven car, the power plant naturally groups itself as 
follows: 

1. The engine proper, consisting of the reciprocating parts, the rotating 
parts, the cylinders, the crank-case, and the valves. 

2. The fuel system, consisting of the gasoline tank and its connections 
through the carbureter to and from the engine. 

3. The ignition system, consisting of the batteries, the spark -coils, the 
magneto or dynamo, the commutator, and the spark-plugs. 

4. The cooling system, consisting of the fan, and, in water-cooled 
engines, also of the water tank, the water pump or siphon, the radiator, and 
interconnecting parts. 

5. The lubricating system of the motor. 
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The Qas-Engine Cycle. The gas-engine cycle consists of four 
distinct steps — namely: 

1. Admission of the charge of explosive fuel. 

2. The compression of this charge. 

3. The ignition or explosion of this charge. 

4. Exhaust or expulsion of the burnt charge. 




Pig. 2T. Beginnins of Suction or First Stroke In a Ponr-Cycle Engine. 
Cadillac Motor Car Company, Detroit, Mich. 

If the complete process as above requires four strokes of the piston- 
rod in any one cylinder, the engine is designated as a jour-cycle engine, 
although a more " exact designation would be to call it a fourstroke 




Fig. 28. Beginning of Second or Compression Stroke in a Four-Cycle Engine. 
Cadillac Motor Car Company, Detroit, Mich. 

cycle. If the complete process is accomplished in two strokes of the 
piston, the engine is designated as a tvx)-cycle engine. 

Figs. 27, 28, 29, and 30 show the positions of piston and valves 
during these four steps, as they take place in the Cadillac single- 
cylinder four-cycle engine. 
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Fig. 27 shows the beginning of the first or suction stroke of the 
cycle. At yV inch past the dead center or end of the stroke, the 
inlet valve A commences to open, which allows the vapor supplied 
by the carbureter to be drawn into the cylinder, the motor running 
as indicated by the arrows. During this stroke the exhaust valve 
B is closed. The inlet valve A is opened by the eccentric rod C, its 
movement being controlled by the eccentric on the secondary shaft D. 
This shaft is driven at one-half the speed of the motor by the two- 
to-one gear E and pinion F. 

Fig. 28 shows the beginning of the second or compression stroke 
at tlie closing point of the inlet valve, both valves being closed during 




Pig. 29. End of Working or Third Stroke In a Four-Cycle Engine. 
Cadillac Motor Car Company, Detroit, Mich. 

this stroke. The piston, traveling as indicated by the arrow, com- 
presses the charge to a pressure of about 60 pounds, and the com- 
pressed charge is ignited at or before the end of this stroke by 
a spark taking place in the spark-plug (the action of which will 
be explained in the discussion of Ignition Systems), the force 
of the explosion driving the piston forward to the position shown in 
Fig. 29. 

During these two strokes — namely, the compression and work- 
ing strokes — both valves, if correctly timed, should be completely 
closed. 

Fig. 29 illustrates the end of the working stroke or third stroke 
of the cycle, where the exhaust valve commences to open -^^ inch 

from the end of the stroke, or slightlj^ previous to de^^d eenter. 
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During the fourth or exhaust stroke, the gases are expelled 
from the cylinder through the valve B. The* exhaust valve B is 
operated by the cam J, which pushes the exhaust rocker arm J and 
lifts the exhaust valve B. 

Fig. 30 shows the position when the exhaust valve B has just 
closed ^V ^"ch of the stroke past dead center. The inlet valve A will 
open ^V ^^ch later, admitting new vapor, as in Fig. 27. 

Two<^ycle Engines. In two-cycle engines the crank-case is 
used to admit the charge while the piston is on the upward stroke. 




Fig. 80. End of Fourth or Exhaust Stroke In a Four-Cycle Engine. 
Cadillac Motor Car Company. Detroit, Mich. 

On the working or downward stroke of the piston, the vapor in the 
crank-case is forced through a by-pass, by the descending piston, 
this by-pass admitting it into the [upper part of the cylinder, 
where it is compressed into small volume and ignited at the proper 
time. 

In the two-cycle engine the process of exhausting the burnt 
gases and admitting the new charge are both performed during a 
single downward stroke, the exhaust port being uncovered first by 
the piston and allowing the greater part of the burnt gases to escape 
before the inlet port is opened. Hence, in the two-cycle engine, an 
impulse is received with each revolution of the fly-wheel and main 
shaft; in the four-cycle engine an impulse is received every fourth 
stroke or every other revolution of the fly-wheel and crank-shaft. 

The two-cycle engine offers strong talking points, since all 
mechanically operated valves are replaced by m^re port-holes, which 
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results in greater mechanical efficiency. Moreover, the more fre- 
quent working impulses should result in a constant torque and much 
smoother running. Two-cycle engines have been in use quite gener- 
ally on motor-boats. The engines of the two-cycle type built for 
marine work have always shown considerable irregularity in run- 
ning; and it has been the general impression that the operations of 
charging, compressing, firing, and exhausting cannot be properly 
accomplished during one revolution. However, it may be that, just 
as the air-cooled engine is gaining greatly in favor, though several 
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years ago not con- 
sidered equal to 
the water-cooled 
type, so a similar 
change in favor 
of the two-cycle 
engine may be 
brought about as 
this type of en- 
gine is perfected. 
There are several 
cars now on the 
market, notable 
among them being 
the Elmore and the 
Jewel, which are 
showing up very 
favorably with 
two-cycle engines. 

Fig. 31 shows the working parts of the Elmore valveless two- 
cycle engine. Each cylinder on a four-cycle engine has more parts 
than all of the cylinders here shown. 

Working Parts of Engine. It is essential that every automo- 
bile operator should be familiar with the names of the working parts 
of the engine. 

As the single-cylinder engines such as used in the Reo, the 
Oldsmobile, the Cadillac, and other well-known runabouts, are easier 
to list in detail than multiple-cylinder engines, a typical example of 
a single-cylinder engine, showing parts in detail, is given in Fig. 32. 




M^^ 



Fig. 81. Working Parts of Elmore 4-Cyllnder 2-Cycle Motor, 

Showing Small Number of Parts. 

Elmore Manufacturing Company, Clyde, Ohio. 
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Single- and Multiple-Cylinder Engines. Hie single-cylinder en- 
gine is of necessity the type of engine used on the lowest-priced 
cars. It has the advantage of simplicity; and when it comes to a 
choice between a high-grade, relatively high-priced single-cylinder 
engine car and a multiple-cylinder car with a cheaply built engine, 
there can be but one choice, and that in favor of the high-grade 
single-cylinder engine, as, in the other alternative of cheaper cylin- 
ders and more of them, one buys only more trouble. 

The single-cylinder engine, having only one working impc^ 




Fig. 33. One-Cyllnder Engine as Used in Hewitt Motor-Car. 
Hewitt Motor Company, New York, N. Y. 

for every two revolutions, requires a fly-wheel of heavier weight and 
larger diameter than is used in the multiple-cylinder engines. 

Fig. 33 shows a well-proportioned one-cylinder engine, as used 
by the Hewitt Motor Company, New York City. 

In the single-cylinder construction, even with the very best 
engine, the vibration is decidedly noticeable when the engine is 
slowed down under load, as when climbing a hill. 

The two-cylinder opposed type of construction gives a very 
good balancing of reciprocating parts. Fig. 34 shows this type of 
engine as used in the Ueo touring car. The motor runs in the same 
direction as the car, and causes no sidewise vibration, which adds 
materially to the life of the car. The original two-cylinder opposed 
cars placed the engine under the body, many of them having the 
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engine crosswise' of the car, thus causing undue vibration, besides 
having the engine in an inaccessible position. Most modem cars 
with a capacity of twelve to twenty horse-power, place the two- 
cylinder engine under the hood, but keep the engine in a horizontal 
position. 

For powers over twenty horse-power, the four-cylinder engine 
is in almost universal use. The construction of the engine in Fig. 
35 is what is known as the separately cast cylinder type of engine. 
Another type of 
four-cylinder con- 
struction, and one 
quite generally used, 
is the cast'in-pair 
type. The latter 
construction takes 
up less room, giving 
a more compact 
motor, making pos- 
sible a shorter hood, 
and also giving less 
weight. On the 
other hand, by cast- 
ing each cylinder 
separately, it is pos- 
sible to have a bearing between each crank, thus giving greater 
bearing surface, lessening the strains on the crank-shaft, and in- 
creasing the life of the bearings. Moreover, should one cylinder be 
burnt out or cracked, in the separately cast cylinder tj^e this would 
mean the loss of but one cylinder, while in the cast-in-pair type it 
would mean the loss of the pair of cylinders. On the whole, the 
greater advantage lies with the separately cast construction. 

Principal Engine Parts; Material and Workmanship. The proper 
material for water-cooled gas-engine cylinders is a fine-grained 
gray iron mixture. Several makers of high-grade engines anneal 
the cylinders after they are bored, and grind tliem to gauge after 
annealing. This method of machining has been found to reduce to 
a minimum the liability to distortion of the cylinder under the tem- 
perature strains to which it is subjected. 




Pig. 84. Twc»-Cylinder Opposed Engine of Reo Car. 
Reo Motor Car Company, Lansing, Mich. 
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Pig. 85. Four-Cylinder Vertical Enjflne with Flv- Wheel in Front. 
Stevens-Duryea Company, Chicopee Falls, Mass. 




Pig. 3«. Cylinders, Pistons, and Connecting Rods in Separately Cast Cylinder 

Type of Construction. 

MaxwellBrlscoe Motor Company, Tarrytown, N. Y. 
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Fig. 36 shows the cylinders, pistoas, and connecting rods of 
the Maxwell-Briscoe motor, Tarrytown, N. Y. This iUustrates the 
separately cast cylinder t}^ of construction. 

Fig. 37 shows cylinders, pistons, connecting rods, crank-shaft, 




Pig. 87. Disas-sembled Motor of Packard Car, Showing Cylinders, Pistons. Tonnertlng 

Rods, Crank-Shaft, and Fly-Wheel. Casiin-Palr Type of Cylinder Construction. 

Packard Motor Car Company, Detroit, Mich. 

and fly-wheel of the Packard motor-car, Detroit, Mich. This illus- 
trates the cast-in-pair type of cylinder construction. 

In each of these illustrations the projecting .spaces at the sides of 
the main cylinder are the valve chambers. 

The crank-shaft in the best engines is machined from a soli.l 
forged slab of high-carbon steel or nickel-steel. Jiy high-carhoii steel, 
in the case of a crank-shaft, is meant a steel having a percentage of 
from .28 to .30 of carl>on. Some of the nickel-steels now used in 
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crank-shaft construction have a tensile strength as high as 225,000 
pounds to the square inch, and an elastic limit of 135,000 pounds. 

Fig. 38 shows the steps in the cold-machining of a crank-shaft 
as used in the Columbia car built by the Electric Vehicle Company, 




Fig. 38. Steps in Cold-Machining of Crank-Shaft from Solid Slab, for Columbia Car. 
Electric Vehicle Company, Hartford, Couu. 




Fig. 39. Cam Shaft. '^-u?lble Steel Forging and Finished Product. 
Liozier Motor ('ompany, Plattsburg, N. V. 

Hartford, Conn. The next best construction is one in which the 
crank-shaft is hammered and bent into shape before machining; 
while the cheaper engines use a drop-forged shaft, which is not as 
likely to w^ithstand severe strains as either of the two previously 
named types. 



38 



Digitized by 



Google 



AUTOMOBILES 



29 



The modern tendency in high-grade engines is to observe almost 
equal care in the making of the cams and camshafts as is observed 
in the crank-shaft. 

Fig. 39 shows a rough forging of crucible steel for the com- 
bined cams and cam-shaft as used by the Lozier Motor Company, 
Plattsburg, N. Y., together with the finished cam-shaft. The cam 
faces are hardened and ground to shape. Especial attention is also 
given to the bear- 
ings of the cam- 
shafts, some 
makers using an- 
nular ball bear- 
ings for this pur- 
pose. 

The crank' 
ccwcof mostmod- 
em automobile 
engines is con- 
structed of alu- 
minum, parti- 
tioned into com- 
partments in or- 
der to prevent an 
excess accumula- 
tion of oil at one 
end of the case 
in ascending or 

descending a steep grade. A great many engines use the crank- 
case as the motor support, relying on aluminum arms to carry the 
weight of the cylinders, crank-shaft, and fly-wheel. TJhe low teAsile 
strength of aluminum has l)een an objection to this tjrpe of construc- 
tion, as the arms are liable to breakage. Hence some makers have 
adopted a light engine base made of stronger material, such as pressed 
steel, to which the aluminum crank-case proper is bolted. Fig. 40 
shows an engine base and crank-case of this type of construction, 
as formerly used by the Premier Motor Manufacturing Company, 
Indianapolis, Ind. 

The foregoing illustrations will serve to show tjpicj^l examples 




Fig. 40. Engrlne Base, Showing Support Piece Separate from 
Crank-Case, as Formerly Used by Premier Motor Manu- 
facturing Company, Indianapolis, Ind. Case and 
Support are Now Made IntegraL 
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of the main parts of the engine proper. The diagrams shown in 

Figs. 41 and 42 will serve to show more fully the relative location and 

operation of these parts — ^particularly the valve action. 

Referring to Fig. 41, which is an end view of the Rambler engine 

made by Thos. B. Jeflfery & Company, Kenosha, Wis., at the lower 

left-hand side will be noticed the 
cam-shaft and cam ready to push 
up on the valve-operating rod, 
which, when pushed up, actuates 
the rocker arm D to push down 
the valve proper, shown in the 
center at the top of the cut, 
against the action of the valve- 
spring A. While the valve is 
o|K»n, the charge is admitted in 
the case of the intake valve, or 
expelled in the case of the exhaust 
valve, during the period that the 
valve is kept open by the action 
of the cam. As soon as the cam 
has passed the lifter, the action 
of the valve-spring closes the 
valve with a sharp cut-off action. 
Fig. 42 is a longitudinal view 
of the same engine, showing the 
inlet and exhaust valves A and 
B; also other details in connec- 
tion with the ignition and cooling 
systems, whase pasitions it will 
Ix* well to note now, but whose 

action will l)e described more fully under the later discussions de- 

vote<l to ignition and cooling systems respectively. 

The modern tendency with respect to valves, both inlet and 

exhaust, is to provide quick action and abundant opening space. 

With this in view, some makers have adopted two valves in place 

of one, or, in some instances, exceptionally large valves. 

Fig. 43 shows three views of an exceptionally large valve as 

Vis^ in th? 1908 Fmnklin engine. Theoretically^, the ideal cj'linder 




Fig. 41. End View of Rambler Engine. 

i4— Valve-Spring ; .B— Spring Adjusting 
Nut; C— Lock Nut: Z>— Rocker Arm; E— 
Screw for Taking tip Play In Rocker Arm ; 
/*— Cap Screw for Locking E: O Pivot Pin 
for Rocker Arm ; ^—Hexagon Nut for Screw- 
ing Valve Cage into Position. 
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would be one whose entire top would come off to let in a full charge, 
and then close immediately, the charge being next compressed and 
exploded, driving the piston forward, whereupon the top would 
then at once come off completely again and let out the burnt gases. 
Fig. 43 shows a valve of about one-half the cylinder diameter in width, 
and directly at the top of the cylinder. 

CARE AND OPERATION OF VALVES 

Seating of Valves. If the exhaust valve does not seat properly, 
there will be a lack of compression and loss of power that way, and 

also a weakening effect on the 
mixture. 

If the inlet valve does not seat 
properly, there will be loss of 
compression; also there will be 
danger when the ignition takes 
place, of shooting back into the 
carbureter and having back-firing 
there. 

The remedy is to grind the 
valves in place on their seats, 
first with emery and oil, and then 
with tripoli and water. 

The valves, it may be, do not 
seat properly, because of being 
sooty or gummy. In this case 
they may not require grinding at 
all, the remedy being to clean them 
with kerosene. 

In grinding valves, see that 
waste is placed in the opening to 
the combustion chamber so as to 
prevent the emery coming into 
the cylinder. The operation of grinding is repeated until both sur- 
faces are bright and smooth, with a good fit. 

Care must be taken that no emery gets into the cylinder, as this 
will cause sticking or seizing of piston. 

Almost all valves have a slot on the side opposite the stem. 




Fig. 43. Concentric Valve of 1908 Franklin 

Car. , 

H. H. Franklin Manufacturing Company, 
Syracuse, N. Y. 
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This slot is put there so that a screw-driver bit may be inserted, and 
with a brace the valve may be rotated to and fro while grinding. 

In grinding, just a small quantity of the abrasive paste should 
be used at a time, with plenty of oil. INIake ten or twelve turns in one 
direction; then reverse. Wipe valve and seat clean occasionally, and 
note the extent of the bright line. At first this will be irregular and- 
broken. But it must become a continuous band for good seating. 

After this has been accomplished, wash valve and seat thor- 
oughly with kerosene. 





Fig. 44. Lifter Assetibled. Pig. 45. Lifter Compressing Spring. 

Tool for Removing Valve. 

If valve is badly worn, it may be necessary to do some filing 
in order to avoid scoring and consecjuent catching. 

Figs. 44 and 45 illustrate a convenient tool for removing valves. 
Its action is that of compressing the spring and lifting the washer so 
that the cotter or key can be removed. The directions for using this 
tool are as follows: 

Place fork A beneath washer or in coil of spring D. -Turn thumb-screw 
B until point sets on top of valve C. Then screw <lown until spring D is com- 
pressed enough to remove key E. 

To remove, back up on screw B, remove lifter, and take out valve, so 
that necessary grinding, etc. can be done. 

To replace valve in position, simply reverse above instructions. 

O represents adjusting holes adapted for different lengtlis of cylinders 
and for getting over or under exhaust pipes. 
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Timing of Valves. If the exhaust valve closes too early, there 
will be some compression left when the intake valve c^ns, blowing 
back through the carbureter and affecting the mixture, and also 
likely to cause firing in the carbureter. 

If the exhaust valve should close too late, it would be c^n when 
the inlet valve is open, weakening the mixture in the cylinder. 

If the exhaust valve opens too late, there will be back-pressure 
caused by the cylinder being full of the exhaust gas. The cam is 
so set that the exhaust valve opens just before the beginning of the 
exhaust stroke, so as to avoid this back-pressure. 

Improper valve timing may be caused by looseness of the reduc- 
tion gear driving the cam-shaft. 

* To Set Valve for Proper Timing. In a four-cylinder engine 
the four cranks are usually 180 degrees or half a revolution apart, 
so that there is an impulse or power stroke every half-revolution, 
occurring in the order of first, third, fourth, second. 

TTie cam-shaft is driven by a gear fastened to the crank-shaft. 
The cam-shaft driving gear, mounted on the crank-shaft, has only 
half as many teeth as the cam-shaft driven gear which is mounted on 
tlie cam-shaft. Hence, for one revolution of the crank-shaft, the cam- 
shaft turns only through half a revolution. The cams are usually 
all keyed to the cam-shaft, or a part of the same, so that the adjust- 
ment of the cam-shaft with respect to the crank-shaft, if correct for 
one valve, b correct for all the valves. 

The first thing to do in valve-setting is to establish the dead 
center lines on the fly-wheel. This b very easily done on a four- 
cylinder engine or two-cylinder engine, since the points on the fly- 
wheel will be diametrically opposite. In the diagram. Fig. 46, the 
dead center lines are shown by the vertical and horizontal lines re- 
spectively. By establishing these points and chalking the fly-wheel 
and the cylinder flange, and then marking the points on the fly-wheel 
and the cylinder flange with a scriber, the scriber mark on the fly- 
wheel and cylinder flange will coincide when the pistons of the first 
and fourth or second and third cylinders, as the case may be, are 
at the highest point of their travel, or on their head-end dead centers, 
respectively. 

*The diagram uaed for Fig. 46 applies to the Franklin car. Instructions given by 
other manufacturers may vary from the practice of the H. H. Franklin Manufacturing 
Company, 
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The diagram shows the angles past the dead center lines at 
which the suction and exhaust valves usually open and close. It is 
well to determine these angles and mark them permanently on the 
fly-wheel when the engine is new and in first-class running condition. 
The diagram shows that the suction opens about five degrees past the 
dead center line, and closes thirty degrees past the opposite dead 
center. The first two strokes represented by one complete revolu- 
tion in the direction of 
the arrow, represent the 
suction and compression 
strokes. The next half- 
revolution represents the 
explosion and expansion 
stroke. The fourth half- 
circumference represents 
the exhaust stroke, and 
the exhaust valve opens 
at a point fourteen de- 
grees past the dead cen- 
ter line, closing at the 
end of the fourth stroke 
on dead center. 

To determine the 
instant at which valves 
are moved, insert a fin- 
ger into the cylinder, 
and feel whether the 
valve is on its seat and 
does not turn freely. In some engines this can be done by inserting 
the finger through the spark-plug hole, as shown ih the sectional view 
of the two-cylinder engine, Fig. 47. In other engines it may be 
necessary to remove the exhaust pipe in order to determine a move- 
ment of the valves. If the events are all relatively out of time, esti- 
mate how many teeth the cam-shaft gear will have to be turned in 
relation to the driving gear to bring the events correct. Having done 
this, chalk and number the gear teeth, and, removing the crank- 
shaft gear and keeping the crank-shaft stationary, rotate the cam- 
shaft gear one tooth or more in the proper direction. Tbeo 
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7b Be TtrneU IV/ien Hot, 

Pig. 40. Diagram Showing How to Use Ply- Wheel to 
Regulate the Setting 9f Valres for 



Proper Timing. 
The angles Indicated vary with diff< 
iances along cii^omference as indicated 
to a fly-wheel 19 Inches im diameter. 



ferent engines, dls- 
In inches apply 
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replace the driving gear, and retest. This is the course to pursue 
if a valve is opening too early and closing too early, or opening too late 
and closing too late, which is a sure indication that the cam-shaft 
does not bear the proper relation to the crank-shaft. If events of 
opening and closing of valves are not regularly out of time, the remedy 
does not lie in the adjustment of the cam-shaft, but in the adjust- 
ment of the individual valve push-rods. Provision for lengthening 
or shortening these is made in different ways in different engines; and 




Fig. 47. Section of Two-Cylinder Engine Permitting of Access to 
Valves through Spark-Plug Hole. 

this lengthening and shortening must be done for such individual 
valves as lift or close out of time, until all the events occur in uni- 
form sequence — that is, until the angles past the dead center Hues 
are the same for each valve. 

Poor Compression. To improve compression, see that valves 
are not leaky; that is, regrind tliein, if necessary, until they seat per- 
fectly and there is no leak. See also that there is sufficient oil, but 
do not supply a surplus of oil. Use just as much oil as can be used 
without causing smoke or carbonizing. Too much oil will cause the 
exhaust valves to become choked up. 

A small prc3§ure-gauge is appli^^d tQ the spark-plug hole in the 
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cylinder, in order to test for compression. Note the gauge reading 
when cranking slowly. In testing for leaks, soap-water is injected 
at all points suspected, and the location of the bubbles will indicate 
the points of leak. 

Another cause of lack of compression may be the sticking of 
piston-rings, due to corrosion or carbonizing. Cleaning with kerosene 
is the remedy. 

The compression may also be weakened by a leak at the base of 
the spark-plug. 

Overheating is likely to be accompanied by bad compression. 

The easiest way to test for poor compression is by cranking. 
If there is but little resistance, the compression is weak. 

Corrosion. To remove corrosion in cylinders, put kerosene 
into them, and let it remain over night. At the end of each week, it 
is well to put in each cylinder a half-pint of kerosene; and in the morn- 
ing, by opening the compression relief-cocks, the kerosene can be 
blown out of the cylinders. If cylinders are hardened with corrosion, 
it must be scraped out. 

For removing corrosion, Mr. C. T. Ziegler, who conducts one 
of the most prominent selling agencies in Chicago, recommends a 
mixture consisting of two-thirds paraffine oil and one-third kerosene. 
He states that he has found this more effective than anything ebe 
in removing hard substance. 

To have as little corrosion as passible, it is advisable to use only 
the highest grade of mineral oil. 

COOLING SYSTEMS 

The Air^ooled Engine. As the efficiency and consequently 
the power of a gas engine depend on tlie temperature difference at 
the end of the stroke below that at the l)eginning, it will l)e seen that 
the more perfect the cooling system, other things lx»ing equal, the 
more efficient will be the engine, and the greater power per cylinder 
will it develop. 

It is noteworthy that but a few years ago air-cooled engines 
were not considered a possibility for high power, as the limit to be 
reached in a 4 by 4-inch cylinder was about 5 horst»-power. Larger 
cylinders were found to get t(K) hot and to subjiHt the metal to too 
great strains, besides burning up the lubricant. As compared with 



47 

Digitized by 



Google 



38 



AUTOMOBILES 



this rating of a few years ago of 5 horse-power per cylinder for the 
air-cooled engine, which rating may still be found in many textbooks 
on gas engines and automobiles, it is interesting to note how im- 
provements in air-cooling have enabled the manufacturers of the 
Franklin car to build a 3^ by 3Hi^ch engine with a capacity of 12 
horse-power to the cylinder. 

The air-cooled type of engine is being used on a good many 
popular and successful cars; and the growing' percentage of all Ameri- 
can cars using air-cooled motors is certain evidence of the improve- 
ment of this type 
of engine. 

Pig. 48 shows 
a single-cylinder 
air-cooled engine 
as used in the 
Orient buck- 
board manufac- 
tured by the 
Waltham Manu- 
facturing Com- 
pany, Waltham, 
Mass. 

Fig. 49 shows 
a two -cylinder 
opposed air- 
cooled motor with 4 by 4-inch cylinders, as used in the Holsman 
Automobile, Chicago. It lies lengthwise of the car. Special fea- 
tures of this engine "are a double set of spark-plugs wired up so 
that a snap switch turns off one set and turns on the other; also 
cylinder-heads screwing into the cylinders instead of being fastened 
on by studs, thus facilitating quick removal and replacement of 
the cylinder-heads. The flat, spokes of the fly-wheel act as a venti- 
lating fan. 

Fig. 50 shows the exhaust side of the Franklin six-cylinder 

engine. The illustration shows the regular exhaust pipe from the 

top and the auxiliary exhaust pipe from the bottom of the cylinders. 

Fig. 51 shows the 1908 Franklin engine in "phantom" drawings 

showing all the working mechanism. The large intake valve and 




Fig. 48. Sinxle<:;ylinder Air-Cooled Engine as Used in 

Orient Buckboard. 
Waltham Manufacturing Company, Waltham, Mass. 
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Two-Cylinder OppoMa Alr-Gooled Engine as Usea 
in Holsman Automobile. 
Hoisman Automobile Company. Chicago, 111. 




Pig. Sa Exhaust Side of Franklin Six-Cylinder Engine, Sbowin^ Regular Exhaust 

Pipe from Top and Auxiliary Exhaust from Bottom of Cylinders. 

H. H. Franklin Manufacturing Company, Syracuse, N. Y. 
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Fig. 51. "Phantom" Drawing of 1908 Franklin Air-Cooled Engine. 
H. H. Franklin Manufacturing Company, Syracuse, N. Y. 




Fig. B2. Sectional View of Franklin 1908 Engine. 
H. H. Franklin Manufacturing Company, Syracuse. N. Y. 
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auxiliary exhaust valves have already been mentioned. Another 
feature of this engine is the two fans — a gear-driven fan in front, and 
a fly-wheel suction fan in the rear. Fig. 52 gives a sectional view of the 
same engine. 

In the Frayer-Miller motor, manufactured by the Oscar Lear 
Automobile Company, Columbus, Ohio, a centrifugal blower posi- 
tively driven by the engine crank-shaft forces a directed current of 



itffetfWli^f^^^ 




Pig. 53. External View of Frayer-MlUer Engine Cooled by Centrifugal Blower, Inlet Side. 
Oscar Lear Automobile Company, Columbus, Ohio. 

air over and around the cylinder heads, walls, and valve-seats, in 
the direction required to produce most effective cooling. This 
results in an increased amount of draft as the engine speed is in- 
creased; also in a positive draft whether the car is in motion or 
standing still. Fig. 53 is an external view of this motor, showing the 
inlet side. The centrifugal blower, with its enclosed air-blast pipe, 
is seen at the right. Fig. 54 shows the same motor in section. The 
centrifugal blower is geared to the crank in a ratio of 4 to 1. ^Fhe 
starting crank is attached to the blower shaft; and it is there- 
fore easier to crank the motor in starting, on account of this 4-to-l 
gear. 
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Fig. 55. Bottom View of (B-H. P. Revolvlng-rylinder Motor of 

Adams-Farwell Car, with Cast-Iron Cylinders and 

Longitudinal Cooling Flanges. 

Adams Company, DuT)uque, lon'a. 



A description of air-cooled motors would not be complete with- 
out mention of the revolving-cylinder motor as used in the Adams- 
Farwell car built by the Adams Company, Dubuque, Iowa. 

Fig. 55 is an external view of this motor; Fig. 56 shows the 
motor in its mounting in the frame; and Fig. 57 is a diagram illus- 
trating its opera- 
tion. The cylinders 
revolve around a 
common center — 
the vertical sta- 
tionary crank- 
shaft. The pistons 
and connecting 
rods revolve 
around another 
common center — 
the single crank- 
pin. The rotating 
cylinders throw off 
the hot air by the 
action of the cen- 
trifugal force, thus 
doing away with 
the necessity for a 
fan. The weight 
of the revolving 
cylinders serves 
the same purpase 
as a fly-wheel. By 
doing away with 
fan and fly-wheel, 
the total weight required is less than in engines of ordinary con- 
struction. 

Water-Cooling Systems. In water-cooled engines the cooling 
system consists of a water storage tank, connected by pipes to a cir- 
culating pump, from wHich pipes connect to the cylinder jackets, 
which open, at a point remote from the inlet pipe, to outflow pipes 
leading to the top of the radiator, back of which is a suction fan. 




Fig. 5<J. Revolving-Cylinder Motor of Adams-Farwell Car, 

in Mounting on Frame. 

Adams Company, Dubuque. Iowa. 
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Fig. 58 shows a water-cooling system designed for a four-cylinder 
engine with independently cast cylinders. Fig. 59 shows a system 
for the twin-cylinder or "cast-in-pair" type of construction. Both 
of these diagrams show systems in which the radiator itself is the 
only storage tank. A good many cars have a storage tank for water, 
in addition to the radiator. 

Referring to Fig. 58, it will be noticed that from the lower part 
01 the radiator a tube runs to a water-strainer, which is an easily 

opened receptacle 
containing a small 
disc of wire gauze 
preventing the pas- 
sage of sand and 
dirt into the water 
pump. The strainer 
is also provided with 
a cock for draining 
the entire water sys- 
tem. Most water 
systems provide also 
a cock in the pipe, 
just underneath the 
radiator. In drain- 
ing the water sys- 
tem, be sure that 
both these cocks are 
opened; otherwise 
some water will remain in the system, which might result in freez- 
ing in cold weather. 

Rubber hose connections in the water system are a source of 
great annoyance, and are being discontinued in the best cars, where 
they are being replaced by copper pipes with ground connections. 
Copper tubing, though longer-lived than rubber hose, has also dis- 
advantages due to its liability to corrosion. Aluminum tubing has 
l)een used by some makers, though not to sufficient extent as yet to 
determine whether it can l)e recommended as the most desirable 
flexible tubing or not. 

In order to insure the clearness of water in the water-circulating 




Fig. 57. Diagram Showing Operation of Adams-Farwell 

Rotatlng-Cyllnder Engine. 

Adams Company, Dubuque, Iowa. 
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Fig. 58. Water-Cooling System for Separately Cast Cylinder Engine. 
E. li. Thomas Motor Company, Uuffalo, N. Y. 

system, a hose attached to city water should be allowed to pour into 
the water tank, the drain-cocks l)eing left open and the engine kept 
running for some ten minutes, or until the outflowing water is per- 
fectly clear and clean. 

Radiators are either tubular or cellular, the latter class being 
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Fig. 60. Water-Cooling System for Twin-Cylinder Englu^, 

Pwrlws Motor Car C9mpan7, ci^vej^aai QliiQ. 
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also designated as the koneycomb type. The tubular type consists of 
either vertical or horizontal tubes, preferably of circular section and 
of rapidly radiating material (such as copper), with projecting fins or 
washers to assist in dissipating the heat. The tubular type has an 
advantage over the cellular type in that its construction is usually 
such that if a leak occurs in one tube the entire radiator is not put 
out of commission. In the cellular type, on the other hand, the 
main aim of the construction is to secure free play and flow of water 
in all directions through a continuous body of water, by means of 





Fig. 60. Tubular Radiator, Showing Sectional and Separable-Construction Flat Tablng 

and Large Radiating Fins. 

Reo Motor Car Company, Lansing, Mich. 

lateral joints. This type of radiator is more efficient than the tubu- 
lar, but more fragile. Fig. 60 shows the Reo tubular radiator; and 
Fig. 61, the Mayo cellular radiator. 

Pumps are almost universally of the gear type, the water being 
lifted by the pressure of gear teeth against each other. A few cars 
use pumps with flat or square pistons, but the gear tj'pe is super- 
seding these. In early cars, both pump and fan were belt-driven, but 
recent practice is in favor of gear drive from the cam-shaft. 

The gear type of pump has an advantage over the piston type 
in that the strain is not periodic but is uniform throughout the entire 
revolution Fig. 62 shows the principle of operation of the gear 
type of pump. 

Still another method of circulation is used in the Maxwell car, 
known as the themio-siphon method, which is simply a siphonage 
in place of a pump. The circulation, depending entirely on tern- 
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perature diflFerence and not on engine speed, is greatest when the 
engine is hottest, whieh may be when its speed is low, as in going up 
a hill. 

Fig. 63 shows the Peerless engine, giving a view of the encased 




Fig. 61. Mayo Cellular Radiator of Type Used In Steams 80-60-H. P. Cars. 
Mayo Radiator Company, New Haven, Conu. 

geared pump at the right, also the belt-driven cooling fan. The 
arrows indicate the direction of water circulation. 

Gaskets. In all flanged joints where a flange fits to another 
flange or to a cylinder or pump-shell or any other part in a water 
line or steam line, a compressible piece is inserted between the two 
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metallic surfaces to make the 
joint tight against water or steam 
or whatever the circulating fluid 
may be. These compressible 
pieces are called gaskets. In 
steam-engine practice, gaskets are 
usually made of rubber or some 
composition of rubber, asbestos, 
and cotton. Owing to the high 
temperatures of gas engines, rub- 
ber composition gaskets are not 
so satisfactory as metallic gas- 
kets. 

Fig. 64 shows types of copper-asbestos gaskets made by McCord 
& Company, Chicago. 

In eniergencies, gaskets are easily made out of any stiff brown 
paper covered with graphite. The addition of graphite to a stiff 
brown paper makes the paper quite brittle; and in fitting it to the 




Fig. 62. 



Operation of Gear Type of Water- 
Circulating Pump. 




Tig' 68. Peerless Engine, Showing Cooling Pump and Faa. 
Peerless Motor Car Company, Cleveland, Ohio. 
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flange, it can be hammered into form, and the projecting part broken 
off with the hand. 

If a gasket gives way in the cooling-jacket connection, it is apt 
to result in the jacket not receiving enough cooling water, owing to^ 
the leak. In such a case a temporary gasket of paper should be 
inserted. A leaky gasket can be detected while the car is running, 
by a hissing sound, if in the cylinder. If the leak is between the 
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Fig. 04. Types of McKim Copper Asbestos-Lined Gaskets. 
McCord &, Company, Chicago, III. 

water-jacket and the cylinder, the engine will miss explosions if 
cooling water gets inside the cylinder. 

Water in the cylinders can be detected by opening the pet-cocks 
and rotating the engine by the starting crank. Sometimes it is 
apparent from steam issuing from the muffler when the engine is 
running. If, after tightening all of the studs and nuts holding the 
engine-head to the cylinder, the leaking continues, a new gasket is 
necessary. To apply it successfully, the surfaces of the cylinder- 
head and cylinder should be thoroughly cleaned with gasoline, and 
any foreign material removed either by washing with gasoline or by 
scraping. The surfaces of both head and cylinder should next be 
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coated with silicate of soda, and allowed to dry thoroughly. The 
gasket should then be soaked in the soda (if it is of asbestos or as- 
bestos composition), ^nd allowed to dry partially. If of paper and 
a temporary makeshift, it should be coated with graphite. Place 
the gasket on the cylinder, put the head in place, and tighten the 
studs and nuts. In doing this, be careful to distribute the pressure 
evenly — that is, tighten each stud and nut only a little at a time, until 
they have all been set home. After doing this, start the engine, and 
allow it to run one or two minutes without water in the tank. Stop 
it, tighten the studs and bolts again, and fill the tank with water. 
Do not use too long a wrench in tightening, and do not use too much 
force at once. 

Overheating of Engine. When overheating occurs, everything 
begins to rattle and knock. You have premature ignitioii. It 
makes a "pinging" sound. The mixture ignites from the heat, 
instead of from the spark. If allowed to continue running when 
overheated, the engine will transmit its heat to oil in the cylinders, 
and if hotter than the burning point of the oil, the oil will bum and 
its odor will be noticed. Steam will be seen emanating from the 
cap of the radiator. The car will lose power and slow up. Over- 
heating causes expansion of the piston, while at the same time all 
the parts become weaker and liable to distortion. 

When overheating is noticed, the best thing to do is to shut 
down and let the parts cool off. In the case of an air-cooled engine, 
this is all that can be done; and after starting again, be sure that 
your mixture is not too rich or too plentiful. Before starting, dis- 
connect the spark-plugs, and crank the engine a while so as to draw 
cool air through the cylinders. In the case of a water-cooled engine, 
some people would advise running the engine with spark well ad- 
vanced, throttle closed, and engine free. This would cause rapid 
circulation of the water, which has previously been cooled by drawing 
off a part of it and putting in some cold water. This would be the 
course to pursue in case the overheating had been caused by working 
the engine too hard, and not because of lack of water. If water has 
all been used up, or if radiator and jackets are full of steam, avoid 
causing a sudden chill by pouring in cold water. Such a chill is likely 
to cause cracking of parts. 

Other causes of overheating are found ia defects in the water* 
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circulating system, such as the failure of the pump to work, the 
presence of some obstruction in the water pipes, such as a piece of 
solder, or a leak in the water line. Overheating is also sometimes 
due to too rich mixture in the carbureter. A strainer should always 
be used in pouring in water, so as to prevent any dirt or grit getting 
into the pump or pipe-line. 

A piece of rubber tubing is useful to carry as a temporary re- 
pair to leaks. 

What is known as an air-lock, caused by air-bubbles in the 
pump, may impede water circulation. The remedy for this is to 
let the water flow out, and to keep pouring in new water. 

Steaming Radiators. If the water in your radiator manifests 
a disposition to boil, and the gathering steam blows the filling cap 
off, do not try to cure the trouble by using an extra supply of solder 
on the cap. The pump or its driving connection may be broken ; or 
a pipe or strainer may be clogged by waste or by a chance stone; or 
the carbureter may be feeding an excessively rich mixture; or there 
may be oil m the radiator, preventing contact of the water with the 
cooling metal surface. 

Care of Water-Cooling System In Cold Weather. In freezing 
weather, it is very important that the engine be not stopped while 
the car is left out in the open; and that when the car is put away 
in its storage place for the night, all the water be drained out if 
exposed to freezing temperature, unless the circulating system is 
filled with a non-freezing mixture. There are various kinds of non- 
freezing mixtures on the market. Good mixtures can be made in 
the following ways: 

1. A 50 per cent solution of wood alcohol. 

2 Put 10 lbs. of chemically pure chloride of calcium and a handful of 
unslaked lime into a pail of water. After this preparation is carefully mixed 
and dissolved, pour into the radiator or tank through a strainer. 

3. A 40 per cent solution of glycerin and water. 

GASOLINE SYSTEM 

The gasoline or fuel system consists of the gasoline tank^ which 
is sometimes provided with a reserve or emergency chamber, and 
usually with a dirt or sediment chamber; piping, leading to mixer or 
carbureter; the carbureter itself, which will be described more fully 
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in detail; and pipes 
leading from the car- 
bureter to the valve- 
chambers of the engine, 
the piping being pro- 
vided with necessary 
cocks and control valves. 
Fig, 65 shows the 
gasoline system of the 
Thomas Flyer, made 
by the E. R. Thomas 
Motor Company, Buf- 
falo, N. Y. The gaso- 
line tank is placed un- 
der the forward seats, 
and contains twenty gal- 
lons. On the extreme 
left of the tank, a 
Reserve Chamber {A) is 
partitioned off. It is 
connected by a pipe B 
to the main chamber. 
The valve C in this pipe 
should be kept closed 
until it is necessary to 
admit the gasoline in 
the reserve chamber, 
which holds one gallon. 
The sediment and water 
receptacle (J)) is shown 
at the bottom of the 
tank, which is drained 
by the valve E. There 
is also a shut-off valve 
in the line to the car- 
bureter (F), which should 
be closed after the day's 

run, so $is tQ cut qS the 
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gasoline supply from the carbureter, as the gasoline might overflow 
past the needle-valve, and, evaporating into the room, might cause a 
vapor which would prove dangerous on striking a matcli. 

Fig. 66 shows the gasoline system of the Peerless motor-car, 
Cleveland, Ohio, giving a litde more detail than is shown in the 
previous figure. In this system the filter and sediment catcher are 
in the pipe-line at its lowest point. Beyond this filter is an addi- 
tional shut-off valve in the line to the carbureter. It will be seen 
that the mixing chamber of the carbureter is surrounded by a water- 
jacket connected to the regular water system. The water coming 
from the heated cylinders warms the mixture. 

Qasoline Tank. Water or sediment in the gasoline is likely to • 
cause a great deal of trouble in case it gets into the pipe-line or car- 
bureter. Where the gasoline tank is not provided with a sediment 
drum, particular care needs to be taken not to substitute a cork or 
a wooden plug for the metal cap of the gasoline tank, or, in case a 
leak has been repaired, to see that all solder is cleaned out. The 
best remedy in case the gasoline tank has no drum, is to provide one. 
The gasoline intake leading to the carbureter leads from this drum, 
which is a small projecting cylinder at the bottom of the gasoline 
tank. The intake pipe should be screened, the gasoline rising up- 
wards through the screen. There should be a cock or plug at the 
bottom of the drum, to permit of the withdrawal of any water or sedi- 
ment that gathers there. Water, being heavier than gasoline, sinks 
to the bottom of the drum, and there is thus no danger of its getting 
into the carbureter. Another advantage is that gasoline will go into 
the drum up to the last drop. 

As soon as the slightest leak manifests itself in the gasoline tank or 
line, it should be attended to In putting out a gasoline blaze, 
much more effective results are obtained by throwing sand or dirt 
on the fire, than from the use of water. It is advisable to have 
several buckets of sand or salt on hand in an automobile garage, to 
use in case of emergency. Leaky gasoline pipes have been the cause 
of a number of heavy losses, and careful inspection of the pipe-lines 
should be made regularly. 

Gauge-glasses on gasoline tanks, while at first sight appearing 
convcjiient, constitute an additional breakable feature which can be 
dispensed with, with very little inconvenience. 
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Qrades of Gasoline. What is known as High-Test gasoline is 
a variety of gasoline which possesses certain advantages in industrial 
processes. For general driving purposes it is not worth the advance 
in cost. It is easier of ignition than ordinary gasoline. There is not 
so much heat in it, nor so much mileage, as in ordinary gasoline. It 
does, however, explode more instantaneously, and hence gives power 
more quickly. It will not drive a car so long a distance as the same 
amount of ordinary gasoline. 

Gasoline is graded according to its specific gravity expressed 
in terms of the scale on Baum^'s hydrometer. Thus, gasoline 
graded at 65 or 85 degrees means that the hydrometer would sink to 
these figures on the scale. Baum^'s hydrometer is the instrument 
generally used for testing specific gravity. To find the specific 
gravity, knowing the point on the scale to which the hydrometer sinks, 
we use the formula: 

Specific gravity = 130 + Hyd.o me ter Reading ' 

It will thus be seen that the higher the reading on the hydrometer, 
the lighter will be the gasoline. Ordinary gasoline is about 68 de- 
grees; high-test, so called, is about 76 degrees. 

It is worth knowing that when the engine is warm it will run on 
kerosene, although it may not start with kerosene when cold. Kero- 
sene is not good for the spark-plugs, on account of the sootiness 
resulting from its use. But in cases of emergency where gasoline 
cannot be purchased but kerosene can be found, the car can be 
run so long as enough gasoline is kept to start the engine and get 
it warm. 

Carbureters. The relative proportion of gasoline and air to 
give the most effective explosive mixture, is subject to some variations 
dependent on the weather. No fixed rules can be given that will 
apply to all types of carbureters. Hence it is extremely desirable 
that the operator of a car be thoroughly familiar with the principles 
of (q>eration and methods of adjustment of the carbureter on his car, 
so that he can adapt it to varying conditions so as to secure the most 
effective results. The injunction "Don't change the adjustment of 
the carbureter," which used to appear in instruction books, was very 
poor advice, and resulted in unnecessary troubles and needless calls 
on the repair shop on account of carbureter adjustments. 
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Fig. 67. Carbureter of Cadillac Single- 
Cylinder Car, Spring-Operated, 
without Float-Chamber. 
Cadillac Motor Car Company, Detroit, Mich. 



Having once adjusted the carbureter for making a proper mix- 
ture for a certain kind of weather, the action of the carbureter itself 
roust be automatic in maintaining this mixture under all varying 
conditions of engine speed and load. This self-regulation to main- • 

tain the proper mixture, is at- 
tempted in different ways in dif- 
ferent carbureters. 

The Cadillac Motor Car Com- 
pany, Detroit, Mich., regulates it 
by means .of spring action in a 
carbureter that is very simple, 
without any float-chamber. 

Fig. 67 shows a section of 
this carbureter. Its action is as 
follows: 

The air is taken in at the end of the 
inlet pipe K. The intake of the air 
caused by the suction of the piston lifts 
the valveLand forms a partial vacuum 
at the terminal of the gasoline passage 3f, the screw ^V being adjusted so as 
to allow the valve L to lift from its seat just far enough to admit the proper 
amount of gasoline to form with the in-going air the proper mixture. The ad- 
justing screw N, which regulates the amount of gasoline, should be adjusted 
only in case of improper mixture. 

To secure the greatest efficiency, the mixer valve (which admits 
the gasoline into the carbureter) must open wider when the engine 
is running at high speed than is necessary when running at low 
speed. 

The method of this adjustment is shown in Fig. 68. When the 
adjusting screw is located as shown in ^4, the spring Q cannot act; 
hence the adjustment needs to be changed. In Fig. 68, B shows 
the spring free to act to its full limit. With this adjustment it will 
be found that when the engine is running at low speed, the needle- 
valve moves so slowly that it has not sufficient momentum to cause 
the spring to yield. When, however, the speed increases, the volume 
of air comes against the diaphragm of the valve at a more rapid rate, 
and causes the needle L to strike against the spring Q with such 
force as to make it yield, thus allowing the mixer valve L to open 
wider at this high speed than it did at low speed. Under these con- 
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ditions there is too much spring action, allowing the valve L to open 
too wide, and making the mixture too rich at high speed. 

In this case the binder P must be adjusted so as to bring the 
adjusting screw' N to the position shown in C, Fig. 68, giving less 
spring action than in fi, and more than inA. By a litde experiment- 
ing, the adjusting screw can be located in a position where it will 
allow sufficient spring action to give the desired mixture at both 
high and low speeds. The adjusting and experimenting should be 
done with the throttle wide open and with the spark-lever away 
back, so that firing does not take place ahead of dead center. 




Fig. 08. Showing Adjustment of Spring Regulating Cadillac Carbureter. 
Cadillac Motor Car Company, Detroit, Mich, 

The float-feed type of carbureter is very generally used; and a 
great many makes are on the market, with slight variations. 

Fig. 69 is a section of this type of carbureter as used by the 
National Motor Vehicle Company, of Indianapolis. It is attached to 
the gasoline inlet line at the side of the engine, by an S-shaped brass 
pipe and flange. The float-chamber B of the carbureter contains 
a float F, which float actuates the gasoline inlet valve H by means 
of the float-lever / hinged at J. As the float-chamber fills with gaso- 
line admitted through the inlet valve from tlie pipe-line leading to 
the gasoline tank, the float rises untiF it reaches a predetermined 
level, at which time it closes the inlet valve H through the action of 
the lever /. It will thus be seen that the connection to the gasoline 
tank is normally closed until the gasoline level falls sufficiently to 
cause the float to drop and operate the lever, thus permitting more 
gasoline to enter the chamber B until the normal level is again re- 
stored. The suction of the piston during the admission stroke of the 
engine creates a partial vacuum in the entire admission line, and 
this suction draws the gasoline through the spraying nozzle D. The 
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amount of gasoline passing through the nozzle is regulated by the 
needle-valve lever E. The gasoline jet from the nozzle passes into 
the mixing chamber C. The quantity of air entering into the mixipg 
chamber is controlled by the compressing air-valve A adjusted against 
the spiral spring by means of the adjusting screw M. 

It will thus be seen that the mixture can be regulated as to quan- 
tity both of gasoline and of air, each being independently regulated. 
The quantity of mixture which goes to the engine is controlled 
by the [throtde-valve K, which is simply a metal disc turned by means 

of the lever P, to 
which is attached 
the rod system 
leading to the op- 
erator at the front 
seat. 

The proper 
mixture is ob- 
tained by adjust- 
ing the needle- 
valve E, which 
need be opened 
but slightly — usu- 
ally only about 
three-fourths of a 
turn. If, when the 
cylinder relief- 
cocks are opened, black smoke and flame are observed, the mix- 
ture is too rich. After a bluish flame has been obtained, and the 
firing is regular, open the throttle-valve gradually. If the engine 
runs at low speed and fires regularly, but misses on high speeds 
tighten the tension on spring behind automatic air-valve, by screw- 
ing in the adjusting screw M until the engine fires regularly on all 
speeds and no black smoke is seen coming out of the exhaust. 

Flooding of the carbureter will be indicated by the stopping 
of the engine when running, or by the gasoline running out of the 
carbureter when the engine is standing still, and is due to the float 
sticking and its not closing the inlet valve to the carbureter //. This 
can be remedied by taking off the carbureter after shutting off the 




Fig. 60. 



Float-Feed Type of Carbureter, with Hand Regnilation 
of Oasoline at E and of Air at M. 
National Motor Vehicle Company, Indianapolis, Ind. 
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gasoline by closing the cock below the tank. Remove the top of the 
carbureter, which shows the float to view. Its sticking is usually due 
to its binding on one side, it not being central. This can be remedied 
by loosening the screw in the center of the float, and moving the cork 
slightly to one side or the other. 

Obstruction of the needle-valve of 'the carbureter will cause 
stopping of the engine or refusal to start. This is remedied by 
taking off the carbureter as above, and unscrewing the needle of the 
needle-valve, and then blowing through the valve. Such obstruction 
is generally caused by there being some particles of dirt in the 
gasoline. 

Sometimes, if the car slows down from this cause, releasing the 
clutch and opening the throtde, allowing the engine to race for just 
a moment, it will draw this dirt out of the needle-valve. The disad- 
vantage of this method is that the dirt is sucked into the engine 
cylinder, helping to score the cylinder by just that much. 

In cold weather, water in the gasoline will freeze in the car- 
bureter unless the carbureter is of the water-jacketed type employed 
in some cars. An almost imperceptible amount of water can cause 
this trouble, which can be detected by popping in the carbureter and 
perceptible cutting down of power of the engine, which acts as if the 
needle-valve of the carbureter were set for too little gasoline. When 
there is considerable water in the gasoline, it will stop the car entirely. 
This can be remedied by opening the cock at the bottom of the car- 
bureter; and as the water is heavier than gasoline, it will drain out 
first. The cock directly under the gasoline tank should also be 
opened for a few seconds. If there is any suspicion about the gaso- 
line in the tank having any water in it, it should be filtered through 
chamois skin. 

Compensating Carbureters. The faster the engine speed, tb 
greater will be the suction in the carbureter pipe, hence the greater 
the amount of gasoline drawn in. This will result in too rich a mix- 
ture for satisfactory operation. To provide for this, carbureters of 
the compensating type have a by-pass, as shown in Fig. 70. As 
the throttle-valve is opened wider, the by-pass valve gradually opens 
also, so that extra air is furnished the mixture, thus diluting it as the 
engine speeds up, and maintaining it at proper quality for all con- 
ditions of running. 
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Proper Mixture of Gasoline and Air. If the mixture is too weak 
in gasoline, the running will be affected. Explosions will be missed. 
If the mixture is too strong, the engine will fail to speed up. The 
action wall be sluggish. It will not pull. 

If the mixture is too rich, one can tell it from the presence of 
explosions in the muffler; from the very dense smoke, which is black; 
and from the sluggish action of the engine. Smoke caused by too 





Fig. 7a Carbureter of Compensating Type, Admitting Increased Supply of Air 

as Speed of Engine Increases. 

H. H. Franklin Manufacturing Company, Syracuse, N. Y. 

much Oil IS blue, entirely different from the smoke caused by too 
much gasoline. 

In the case of a weak mixture, if it fires at all, it will make a pop 
in the carbureter, caused by the fact that a weak mixture will light 
readily in open air, but will not light well under compression. Pop- 
ping back in the carbureter is caused by late spark or weak mixture. 
An engine with a very high compression will require a richer mixture 
than one having less compression. 
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Textbooks ,on gasoline engines usually make the statement that 
gasoline will ignite in a range of mixtures varying from one part by 
weight of gasoline to eight of air, up to as weak a mixture as one of 
gasoline to sixteen of air. However, there is no gauge about the 
automobile or carbureter by which one can gauge the relative weight. 
The only way to determine what is a proper mixture is by observing 
closely the action of the engine, supplying suflBcient gasoline until 
indications of a rich mixture show themselves, as indicated above. 
Then slightly diminish the gasoline, until the condition of best run- 
ning is secured. 

DIRECTIONS FOR CONNECTING AND ADJUSTING A CARBURETER 

TO A MOTOR 

1. Connect to the intake pipe on motor, as close to inlet valve as con- 
venient, provided the motor does not overheat. The carbureter should not 
be placed where it will get hot, as this would change the quality of the mixture; 
but the closer you connect the carbureter to the inlet valve, the quicker the 
motor will respond to the throttle. 

2. Great caution should be used to avoid traps or pockets of any de- 
scription in pijxj between carbureter and motor, or at low S])eed the fuel will 
condense and settle in such traps, and when the throttle is oi^n for high speed 
the increased velocity of air through pipe will pick up this accumulation of 
fuel and cause «moke and trouble until pipe is clean. 

3. Connect gasoline fuel to float-cup, with head enough to fill the cup. 
It is best to use brass pipe and fittings for gasoline, if convenient, as iron pipe 
is liable to rust and scale, which may clog inlet valve to carbureter and cause 
trouble. 

4. Arrangements should be made to filter or strain all gasoline when 
filling tank, as it is very sure to contain some dirt or foreign substance col- 
lected from cans and barrels in handling. 

5. When float-chamber is filled, screw needle-point down to seat; set 
the throttle very nearly closed for low speed; open needle about one-eighth 
of a turn; then try the motor with igniter in good working condition. When 
the motor starts, change the adjusting screw until you get a perfect mixture 
at low speed and no smoke (be sure you have it right at low speed); then lock 
adjusting screw in position with clamp. 

6. Open the throttle by lever, and the motor will speed up under the 
proper mixture. Throttle may now be opened or closed at will, and no further 
adjustment will be required, except |x»rhaps for a change of fuel. 

7. Do not try to start yoiu- motor with the throttle wide open when 
you have an adjustment for low speed ; but start it with throttle closed for low 
speed, which you can do very easily, as you can turn it at about the slow- 
running speed yourself, while, if you were to start with the throttle wide open, 
it might be necessary to flush the carbureter in order to get the fuel rich enough 
\Q et^rt wjtb at the speed you wouM Vc ^ble \o turn it over, TW^ 19 wbjr 
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nearly all float-feed carbureters have to be flushed for starting; they have 
no slow-speed adjustment. 

8. On a motor controlled by throttle, the spring on the exhaust valve 
should be made stronger than is necessary with a motor drawing a full charge 
at all times; otherwise the partial vacuum created in the cylinder at low speed, 
owing to the light charge admitted, may unseat the exhaust valve and dilute 
the charge. 

Sometimes water gets into the carbureter, and its contents must 
then be emptied. This is a point worth remembering in starting a 
car that has been standing in a heavy rain. 

Sometimes the float will stick in the carbureter, and then needs 
to be cleaned. 

A carbureter should be used that has a drain-cock for taking 
out water. 

It is very advantageous to have hot air for the air-intake. This 
is provided for by^ having the air-intake pipe end in a wide-flared 
mouthpiece close to the hot exhaust pipe of the engine. 

Leaky Float- Valves. There is neither sense nor profit in neg- 
lecting to keep the float-valve of the carbureter tight. The effect of 
a leaky valve may not be very marked in cold weather as regards the 
quality of the mixture; but in warm weather, when the gasoline 
evaporates more readily, the leaking may make the mixture so rich 
as to make it impossible to start the motor unless the gasoline is 
turned off at the tank immediately on stopping. The best thing with 
which to grind-in the float-valve is pumice-stone. Emery is too 
hard, and it imbeds itself in the stem or seat of the valve, making 
trouble later on. 
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PART II 



IGNITION SYSTEMS 

During the evolution of the automobile, no one part of it 
has caused more trouble than the ignition sj'stem. After much 
experimenting with various devices it has been determined that * 
a single spark is not reliable enough to be depended upon 
'when starting with a cold engine and a poor mixture. After 
starting, however, one definitely timed spark is better than the 
uncertainly timed stream of sparks produced by the usual vibrator 
coil. This is one of the points of superiority of the magneto 
ignition. An ignition system is now on the market which uses a dry 
battery as a source of current and produces a single accurately 
timed spark per explosion. This has given satisfactory results. 

DRY-CELL AND JUMP-SPARK SYSTEM OP IGNITION 

The simplest ignition system, and the one in general use on 
light runabouts, is the Dry-Cell and Jump-Spark System. A dia- 
gram of this system is shown in Fig. 71, which shows the ignition 
system of the Cadillac single-cylinder automobile. 

In the center of the diagram are shown two sets or batteries 
of dry cells, aaaa and bbbb. Two sets of dry cells are used, simply 
so that if one set grows weak the other set may be put into service. 
Care must be taken in re-wiring to see that the current flows in the 
same direction in each battery, This can be determined by tracing 
the direction in which the current should flow. Taking for instance 
the diagram, when the switch F is closed in either direction, it com- 
pletes an electrical circuit between one terminal of either battery and 
the metal frame of the car, as terminal F of the switch is electrically 
connected by a wire to the metal frame of the car. The commutator 
P has also one terminal electrically connected to the frame of the 
car. Following the current now, starting at aaaa, it flows dirough 
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//, and through the closed blade of 
the switch F; thence through the 
metal frame of the car to the com- 
mutator; and at such time as the 
metal contact of the commutator 
is closed, it passes from the com- 
mutator through the spark-coil or 
vibrator, entering at L and leaving 
at K, This completes what is 
known as the primary circuit. The 
reason it is called the primary cir- 
cuit is that terminals L and K in the 
spark-coil are connected to the 
primary winding of the spark-coil. 
Wires A and B complete a circuit 
between the secondary winding of 
the spark-coil and the spark-plug 
E. 

At L on the coil, there is a mag- 
netic circuit maker and breaker, 
called the trembler or vibrator, which, 
when properly adjusted, makes and 
breaks the circuit through the pri- 
mary winding of the coil, so long 
as the primary circuit is complete 
everywhere else. The action of the 
vibrator is continuous; that is, if 
the engine is not in motion and the 
battery circuit is closed, by closing 
the switch and bringing the metallic 
part of the commutator into con- 
tact with the circuit, there will be 
an uninterrupted humming of the 
coil. As soon as the engine is 
started, however, the make and 
break of the commutator, which is 
mechanically driven by the engine, 
causes intervals in the period of 
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humming; which then takes place only during the ignition period. 

The interrupted flow through the primary circuit, and through 
the primary coil of the spark-coil, causes an induced electrical cur- 
rent to pass through the secondary winding of the coil. This sec- 
ondary winding is of much finer wire than the primary, and has a 
great many more turns. The result is that the induced electromo- 
tive force in the secondary coil is as many times higher than that of 
the primary as the ratio between the number of turns of wire on 
the coils. Every time there is a 
break in the primary circuit due 
to the action of the trembler in 
that circuit, an induced electro- 
motive force of high pressure is 
set up in the secondary-coil sys- 
tem. This secondary electromo- 
tive force is so powerful that a 
small gap may be left in the sec- 
ondary circuit and still the elec- 
tric current will pulsate through 
the secondary winding, causing a 
spark to occur at the break. The 
wires of the secondary circuit 
must be thoroughly and heavily 
insulated, as they convey an elec- 
tromotive force of several thou- 
sand volts pressure. The small 
gap above referred to is placed 
inside the cylinder, and is contained in the spark-plug. 

Action of Vibrator. Fig. 72 is a diagram explaining the action 
of the vibrator or trembler — namely, the humming part of the spark- 
coil. P is one terminal of the primary circuit. From P a shunted 
circuit leads to the magnet terminal 3/, around the magnet, to the 
other magnet terminal M'; thence through the annature spring to 
the contact-screw C, which is connected to the other post P' of the 
primary-coil circuit. The regular primary circuit through the primary 
coil is indicated by P C. 

As soon as the primary circuit is closed by the commutator E, 
the magnet in the circuit MM^ becomes magnetized, drawing down 




Pig. 73. Diagram Showing Action 
of Vibrator or Trembler. 
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the soft iron piece fastened to the spring, which has also served as a 
conductor between D and C. As soon as the spring is drawn down, 
the circuit through the magnet is broken; and the magnet being 
demagnetized, the mechanical return action of the spring draws it 
back again. As soon as it has spnmg back far enough to touch the 
point of the contact-screw C, the original action is repeated. It will be 
noted, therefore, that the rapidity of action of the make-and-break 
mechanism depends on the adjustment of the spring and contact-screw. 
Adjustment of Spark-Coil. The faulty adjustment of a spark- 
coil is apt to cause a great deal of trouble. Among the troubles 

which may be caused are: Short life of 
batteries, burned contacts of the coil, and 
poor running of the engine. The color of 
the spark at the length of ^V ^^^^ should 
be a bluish purple. With an accurate 
adjustment, this characteristic color will 
be in evidence. In making adjustments, 
remove first tlie vibrator contact-screw C 
Then adjust the vil)rator spring so that 
the hammer or piece of iron on the end of 
tliis spring stands normally about jV i"eh 
from the end of the coil. Then insert the 
contact-screw C, and screw it in until it 
just touches the platinum contact on the 
vibrator spring. Be sure that it touches 
only very lightly. Screw down the spring-adjusting screw D 
until, when the circuit is closed, the vibrator rings with a high- 
pitch tone. Then start the engine. Then gradually release the 
spring-adjusting screw and contact-screw Until that cylinder begins 
to miss fire. Then tighten up both screws just a trifle at a time, 
until the engine will run without missing explosions. 

It is common practice to adjust vibrators so that the spring gives 
a high, clear tone, and to draw the longest possible spark. This 
practice is extremely wasteful of battery force; and since it increases 
the tension of the current passing through the vibrators, the platinum 
contacts wear out rapidly, causing them to stick and the engine to 
miss fire. A happy medium can be learned by careful observation 
while adjusting the screws. 




Fipr. 73. Dash Coll for One- 
Cylinder Enpine. Cover 

Removetl. 

The Splitdorf Laboratory, 

New York City. 
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Fig. 74. 



Dash Coll for Two-Cylinder Engine. Cover Removed 

Also note removable unit. 
The SpUtdorf Laboratory New York City. 



Figs. 73, 74, and 75 illustrate typical spark-coils. Fig. 73 shows 
a Splitdorf dash coil for a one-cylinder engine, tlie cover being re- 
moved; Fig. 74 
shows a dash coil 
of the same make 
for a two-cylinder 
engine, one of the 
units being re- 
moved from ca.se; 
and Fig. 75 shows 
a Splitdorf three- 
cylinder dash coil, 
also with cover re- 
moved. 

Fig. 76 shows 
the principles in- 
volved in the wir- 
ing of a typical 
two-cylinder en- 
gine using dry-cell 
and spark-coil ig- 
nition. A and B 
are two batteries, 
each coasisting of 
three cells. '^Tlie 
three cells of each 
group are con- 
nected in series. C 
is the ttpark timer 
or commutaior, 
which is controlled 
by the spark-lever 
so that the spark- 
ing may l)e made to occur earlier or later during the stroke of the pis- 
ton. Tlie shaft shown at D on the diagram is really the shaft E, Since 
the commutator is actually attached to the motor, it is shown sepa- 
rately in die diagram for deaniess in showing the wiring connections. 
F is grounded to die motor frame, while 6* and // are both insulated 




Fig. 75. Dash Coll for Three-Cylinder Engine. 
The Splitdorf Laboratorj', New York City. 
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from the motor frame. By the rotation of shaft D, which carries 
the commutator, the current is first permitted to flow between F and 
G when these two terminals are brought into contact by friction with 
th€ metallic periphery of the commutator. As the commutator 
continues to revolve, the fiber portion of the periphery advances 
between F and G, breaking the circuit between those two terminals. 

Meanwhile metallic* circuit has 
been established between F and 
H. From these points current 
flows through the spark-coil, and 
sparks are caused alternately in 
the spark-plugs K and L, The 
switch key N shown in the' center 
of the diagram is located on the 
dash. It will be seen by the con- 
nections, that either one or the 
other battery of dry cells may be 
connected at will. When the 
switch key is in the position 
shown, the battery B is in use; 
and when the switch key is over 
Pj the battery A is in use. 

When it is desired to leave the 
car, or to use the engine com- 
pression as a brake, the switch key is either removed or placed in the 
middle or neutral position, and the electrical circuit is broken, so 
that no spark will occur, and hence the motor cannot be started until 
tlie key is replaced. 

Wires Q and R connect the spark-plugs to the secondary or high- 
tension winding of the spark-coil, and are heavily insulated. 

Fig. 77 is a wiring diagram for a four-cylinder engine, which is 
provided not only with dry cells but also with a storage battery 
Otherwise the connections and operation are like the systems already 
explained for one-cylinder and two-cylinder engines respectively. 

DIRECT-CURRENT SHUNT-WOUND DYNAMO SYSTEM 

Dynamos for Charging Batteries for Ignition. For the pur- 
pose of utilizing the power of the gasoline engine to charge the storage 




Fig. 76. wiring Diagram for Two-Cylinder 
Using Dry-Cell and Sj * '' * 
System lor Ignition. 
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Storafm Battery 

Fig. 77. Wiring Diagram for Pour-Cylinder Engine Using 

Spark-Coil in Connection with Dry Cells and 

Storage Battery for Ignition. 



batteries used for ignition, there are several makes of direct-current 
dynamos on the market. These dynamos are driven either by a 
belt from some moving shaft; or by a gear mounted on the com- 
mutator shaft of the gasoline engine, meshing with a gear on the 
armature shaft of the little dynamo; or by meshing of the gear on 
the dynamo shaft with teeth cut into the engine fly-wheel. The con- 
nection should never be made by the use of thin gear rings screwed 
onto the engine 
fly-wheel, as the 
centrifugal force 
when the engine 
races for even a 
few revolutions is 
apt to burst the 
gear rims at the 
thin part. 

As the speed 
of any shaft driven 
by the gasoline 
engine will be variable, such dynamos require governors to regulate 
their armature speed so that it will be kept constant no matter 
what the speed of the driving shaft is. 

All dynamos have a certain speed at which they generate their 
normal voltage and current. This speed cannot be exceeded with- 
out danger of burning up the insulation of the machine by its own 
excessive current, or damaging its running parts. Moreover, an 
increased voltage is very damaging to the entire ignition system, 
particularly the storage-battery cells; hence it is very important that 
a small voltmeter be connected in the circuit at all times when a 
charging dynamo is on the car, and that this voltmeter be kept in 
sight so that any faulty action of the speed governor of the little 
dynamo may be at once detected. 

This system also requires a means of automatically disconnecting 
the dynamo from the battery as soon as the engine stops, so as to 
prevent the battery current running back through the dynamo. The 
current for ignition is taken from the storage battery at all times. 
Fig. 78 shows the connections for this system. 

Fig. 79 shows a shunt-wound dynamo with its speed governor. 
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Fig. 78. Connections for Direct-Current Sbunt-Wound 

Dynamo System of Ignition and Charging 

Storage Battery. 



MAQNETO SYSTEMS 

The most troublesome features of the shunt-wound constant- 
current dynamo are speed regulation and constant attention to proper 

voltage. Hence 
there has been a 
tendency to dis- 
pense with charg- 
ing the storage 
battery while run- 
ning — which is the 
real advantage of 
the shunt-wound 
dynamo — and to 
use instead a, mag- 
neto. The mag- 
neto cannot be 
used for charging 
batteries, owing to 
the irregularity of 
its uncommutated 
or very roughly 
commutated elec- 
tromotive force. 
The magneto may 
be either alterna- 
ting-current or di- 
rect-current. In 
the latter case, 
there is no attempt 
as a rule at more 
than one commu- 
tation, for the rea- 
son that it is de- 
sired to have the peak of the electromotive wave curve occur reg- 
ularly in unison with the engine speed, that is, the impulses gener- 
ated by the magneto must be made to coincide with the times at 
which the sparking must take place. This is accomplished by 
gearing the magneto to the engine cam-shaft. 




Pig. 79, Direct-Current Shunt- Wound Dynamo Driven by 

Gasoline Engine in Car and Used for Charging 

Storage Battery. 
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As above stated, the magneto cannot be used for charging stor- 
age batteries or for furnishing current for electric lights, both of which 
can be accomplished with the shunt-wound dynamo system. The 
only purpose for which the magneto can be used is for the ignition of 
the charge in the engine cylinders; and it is satisfactory for this 
purpose only when the engine is running at full speed. Hence an 
auxiliary battery and spark-coil system must be used for starting 
or at very slow speed of the engine. The magneto is a dynamo 
which can be built much more cheaply than a shunt-wound dynamo 
with speed governor, and can be built so small that it takes up much 
less room. 
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Fig. 80. Connections for Magneto System of Ignition. 

Magneto Ciirrent or Battery Current Using 

Same Spark-Coll. 



The simplest 
magneto system is 
one which uses the 
same spark-coil 
for magneto and 
batteries. Fig. 80 
shows the connec- 
tions for this sys- 
tem. 

The tendency 
at present in mag- 
neto ignition is 
divided between a 

low tension magneto and a step-up coil and the true high tension or 
Bosch type of magneto which generates its own high tension 
current. The former has no advantage over the high tension 
t}pe except that of being cheaper. It has two disadvantages, 
namely, of producing a thinner spark and of having some 
magnetic lag at high speeds which is absent from the high 
tension type. 

Fig. 81 is a diagram of this system as used by the National Motor 
Vehicle Company. The magneto has its own distributor or com- 
mutator attached to it; a magneto coil is placed in the same box as 
the storage battery; 1, 2, 3, and 4 are the lines to tlic spark-plugs in 
the four engine cylinders. 

One pole of ttie magneto is grounded to the frame; and the other 
terminal comes out at the rear of the magneto on a copper brush, and 
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is led by a cable through the switch on the dash (when thrown to the 
right), to the primary winding of the magneto coil, and from 
there through the circuit-breaker on front of magneto to ground on 
the frame, thus completing the primary or low-tension circuit of the 
magneto. The high-tension current goes from the secondary wind- 
ing in the coil into the distributor on the magneto, whence it is dis- 
tributed to the four spark-plugs. 

The second system, which is the one for emergency and for 
starting the engine, consists of a three-cell six-volt storage battery; 




Fig. 81. Magneto, 8park-Ooll, and Storage-Battery System of Ig^tlon, 
National Motor Vehicle Company, Indianapolis, Ind. 

a single vibrator coil; a distributor or commutator, located on 
the vertical shaft at rear of engine; and the set of spark-plugs. 
In this system the current goes from the positive terminal of 
the battery (the negative terminal being grounded to the frame), 
through the primary winding and vibrator of the coil on dash, and 
from there through the circuit-breaker located in the bottom of the 
distributor, and thence to ground on engine. The high-tension 
current comes from the secondary winding of the battery coil to the 
distributor, whence it is distributed to the four spark-plugs. Each 
system has its own set of spark-plugs. To operate this system, 
the plug must be placed in the left hole in the battery coil. The 
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Magneto of Locomobile Car. Armature Shown at Right, 

Withdrawn from Magneto. Bronze Cap at Left 

Encloses Contact End of Magneto. 



same spark-lever controls the action of both systems. Ignition re- 
sponds more instantaneously with the magneto system, so that it 
will appear to be timed ahead of the battery system. 

The principal 
precaution to be 
observed in con- 
nection with the 
magneto, is to take 
care to prevent 
spattering of water 
on it when the car 
is being washed, 
to oil it carefully 
and regularly, and 
to see that none 
of its fastening 
screws become 
loose. Care should 
be taken to see 
that all wiring 
connections are 
tight, and that 
distributors are 
kept clean. Mag- 
neto brushes must 
not be flooded with 
oil, as they will be- 
come gummy and 
cause irregular 
firing. 

Fig. 82 shows 

in the Locomobile. 

SPARK-PLUGS 

The spark-plug consists simply of a receptacle for the purpose 
of bringing closely together the two exposed parts in the secondary 
line of the spark-coil, across which exposed parts it is proposed to have 
the spark take place. Inasmuch as the voltage, as already explained, 
is' very high, the chief qualification of the spark-plug is that it must 




Sectional View of Magneto (Magnets Only Partly Shown). 
Fig. 82. Magneto and Parts as Used in Locomobile Car. 
il— Oiler; J5— Bearing Oiler; 6^— Bearing Oiler Spring; V— 
Bearing Oiler Wick; it— Taper Pin Holding Coupling on Arma- 
ture Shaft; F- Armature Shaft; ^/—Driving-Shaft Coupling; 
//—Armature; /—Brush: J^— Brush Spring; A'— Magneto Ter- 
minal ; L - Bearing Cap; i/— Contact Plunger Socket Cap; A^- 
Contact Plunger; O— Plunger Spring; /^—Bearing Cap Insu- 
lating Bushing; <>— Armature Contact Stud; TT— Armature 
Terminal; A'— Armature Flange Insulation Plate; jT— Arma- 
ture Shaft Insulation Bushing. 

Locomobile Company of America, Bridgeport, Conn. 

in detail a typical magneto and its parts, as used 
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Flff. 88. Spllldorf Mica Spark- Plug. 
The SpUtdorf Laboratory, New York City. 








Pig. 84. Section of Sta-Rite Pig. 85. Component Parts of a Soot-Proof 

S park-Plug. Spark-Plug. 

B. E. Hardy Company, New York, N. Y. A. Mezgar, lirooklyn, N. Y. 
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have high insulating qualities so that the only possible path for the 
current will be across the gap. This means that the plug must be 
made of high-grade porcelain, and that the mica used in its insula- 
tion should be of the highest quality obtainable. The points should 
be platinum. 

Fig. 83 gives an external and a sectional view of the Splitdorf 
mica spark-plug, made by the Splitdorf Laboratory, New York. 
Fig. 84 is a sectional view of a double porcelain separable plug, the 
Sta-Rite, made by the 11. E. Hardy Company, New York. Fig. 85 
shows all parts of the soot-proof plug made by A. Mezgar, Brooklyn, 
N. Y. The peculiar construction of the air-passages in this plug are 
such that it is claimed the plug 
may be blackened by holding it 
in the flame of a candle before 
placing in the cylinder, and after 
some use the blast in the cylinder 
will have cleaned off the soot. 

Fig. 86 shows the standanl 
dimeasions for spark-plugs as 
adopted by the Association of 
Liceased Automobile Manufac- 
tiu-ers. 

It is always well to have an extra set of spark-plugs in the tool- 
box. 

MAKE-AND-BREAK SYSTEM 

The M ake-and'Break system of ignition, which is the most prev- 
alent in stationary gas-engine work, has recently come into favor in 
automobile practice. Fig 87 shows this system as used in the Stude- 
baker car. In the make-and-break system, instead of using a spark- 
plug to provide the gap across which the spark jumps when high 
tension occurs in the secondary system as already explained, a rota- 
ting piece and spring are employed, these two pieces being in wiping 
contact during part of the time, and the contact being broken during 
a certain part of the time, owing to the shape of the rotating piece 
(which is clearly shown in the figure). The figure shows also the 
relative positions of the four make-and-break igniters at any one 
moment in a four-cylinder engine. The springs at the top of the 
igniters (^casionally lose their tension, and may have to be replaced 



Fig. 86. Design and Dimensions of Standard 

Spark-PUig, Association of Licensed 

Automobile Manufacturers. 

A^\% in. ; li~% in. : C-y^ in. : />-% In. ; B— 

Minimum. % In. ; >'— Maximum, 

J^in.; //-)iln. 
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or adjusted by turning the tension collar one or more holes and re- 
inserting the cotter-pin. 

After a month or so of continuous running, the contact-points at 
the bottom of the igniter and on the inside of the cylinder may become 
blackened. In this case it is advisable to remove the entire igniter- 
block, and soak it for ten or fifteen minutes in kerosene, after which 
it should be washed thoroughly. When replacing the block in the 
cylinder, always see that the external parts are carefully lubricated. 
It is well to remove the contact-blocks about once a month, and wash 
them as above described. 

STORAGE BATTERIES FOR IGNITION PURPOSES WITH 
GASOLINE ENGINES 

The most satisfactory current for charging storage batteries for 
ignition in gasoline engines, is one which can be supplied at a low 
voltage, as by means of dynamos specially designed^ for this purpose, 
so that it can be regulated at about the total voltage of the batteries 
to be charged — that is, in the neighborhood of six to eight volts. 

To charge the batteries, it is necessary to raise the voltage of the 
dynamo to a greater value than that of the battery. If the voltage 
of the charging dynamo is less than that of the battery, the ammeter 
will indicate that a current is flowing, but the pointer will be drawn 
towards the left or in a backward direction, showing that the current 
is in an opposite direction from what it should be, and the battery 
is discharging through the dynamo. 

If it is not practicable to secure the power by driving a low- 
voltage dynamo for charging the storage battery, it will be necessary 
to place some kind of a variable electrical resistance in the charging 
circuit, so as to prevent a destructive current from flowing, due to 
the higher voltage. For this purpose, incandescent lamps may be 
used, placed in the circuit in accordance with the diagrams, Fig. 88. 
The necessary number and capacity of the lamps depend on the 
voltage supplied and the current required. The diagrams indicate 
16-candle-power lamps; with 32-candle-power lamps, twice as much 
current would flow through the batteries. 

Sketch A shows a voltage of 110, each lamp used allowing one 
half-ampere to flow. Two lamps would mean one ampere; six 
lamps, three amperes; etc. 
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Sketches B and C are for 220 volts. Sketch B shows two 20- 
volt lamps, each allowing one quarter-ampere to flow. Sketch C 
shows 110-volt lamps with a line voltage of 220. In this sketch the 
lamps are connecfled in pairs, each pair taking one half-ampere. 
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Fig. 88. Diagrams Showing Use of Incandescent Lamps as Variable Resistances In 
Charging Storage Batteries Used for Ignition Purposes with Gasoline Engines. 

Sketch D shows connections for 550 volts. In this case five 
times as many lamps are needed as in yl, connected in sets of five 
each, each set giving one half-ampere. 

Only direct current can be used in charging storage batteries. 
Be sure to connect the 'positive wire of the charging line with the 'positive 
terminal of the battery. Otherwise, damage to the battery will result. 
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To determine which is the positive terminal of the charging 
line, attach a piece of lead to each wire of the line, and immerse the 
lead pieces in a glass containing diluted sulphuric acid, without 
touching each other. After the current has passed through the acid 
for a short time, the positive lead will commence to discolor and, after 
a while, will turn brown. Mark this wire plus (+), and connect 
it to the battery terminal marked plus ( + ), placing the resistance of 
lamps or other nature between the positive terminal of the charging 
line and the positive terminal of the battery. The voltage of the 
charging line should not be over twenty-five per cent greater than the 
discharge voltage of the battery — or, for a three-cell six-volt battery, 
about 7.5 volts. The indication that a battery is fully charged is 
gasing or fine boiling of the liquid electrolyte. Further instructions 
as to care of the storage battery will be found below, under the head- 
ings "Care and Operation of Electric Vehicles" and "Care of Storage 
Batteries." 

ENGINE-CONTROLLING MECHANISM 

Before attempting to drive the car, the new operator should 
become acquainted with the functions of the various levers and 
pedals. Of these, the ones that control the engine are the Spark- 
Lever and the Throttle-Lever or Pedal; also the Compressum-Release 
Pedal and Muffler Cut-Ovi. 

Spark-Lever. The spark-lever controls the time at which the 
electric spark occurs in the cylinders. Without a spark, there can 
be no ignition of gas in the cylinders, and no movement of the 
engine. The time at which the spark occurs is an important feature 
which is made use of in regulating the speed and power of the engine. 
The spark-lever is usually so placed that by moving it back toward 
the operator as far as it will go, it causes the spark to occur at a 
late period in the stroke; that is, the piston will have passed a con- 
siderable distance from the beginning of its stroke, and the crank a 
considerable angle past the dead center, when the charge is ignited. 
This action is called retarding the spark. 

One effect of this late spark is to prevent any back-kicking, 
which would likely occur if the explosion took place near the dead 
center in an engine which had not yet attained any forward 
momentum. 
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Another effect is weak power and consequently low speed. The 
compressed charge has had opportunity to expand as it fills the in- 
creasing space back of the advancing piston; hence, when it is 
ignited, the pressure force due to the explosion will not be so great 
as when the ignited mixture is still more highly compressed. More- 
over, the spark occurring late in the stroke means that the effective 
forward pressure effort is exerted during a lesser portion of the entire 
stroke than would be the case with an early spark. 

Advancing the spark-lever advances the spark; that is, the spark 
occurs earlier in the stroke, and the speed is accelerated. 

In addition to hand-regulation, avixmiaiw regulation of the 
spark is accomplished in some cars. The method employed is 

usually an automatic centrifugal or in- 
ertia governor, being in all mechanical 
respects a miniature steam-engine fly- 
wheel type of governor, which is mounted 
on the commutator-shaft and connected 
to the commutator so as to cause a later 
or retarded ignition if the speed increases 
too high. While in one sense such a 
spark controller is a convenience, it is 
looked on by many operators as an un- 
necessary refinement, and merely an addi- 
tional' piece of mechanism to take care of. 
Location of Spark-Lever. In some cars the spark-lever is on the 
right of the driver's seat. In other cars it is on the steering colunm. 
Fig. 89 is a view of the top of the hand-wheel, showing the most 
usual location of spark- and throttle-levers. Fig. 90 shows the steer- 
ing column in section, and illustrates how the various concentric tubes 
which turn independently of each other are turned by means of these 
levers and in turn draw the rods regulating spark and throttle con- 
trol. 

Throttle-Lever. The throttle-lever i^ equally important with 
the spark-lever in acting as a governor or controlling lever, in regu- 
lating the speed and power of the engine. The throttle-lever is 
named by some makers the controlling lever or the governor lever. 
In some makes of car the throttle-lever is located on top of the steer- 
ing wheel; in other makes the throttle-lever is operated by a foot- 




Fiff. 89. Hand- Wheel, Showing 

Usual Location of Spark- and 

Throttle- Levers. 
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pedal or button; in still other makes a rod is connected to the throt- 
tling valve in such a manner that when the clutch is thrown out, 
throwing the load off the engine, the same movement closes the 
throttle, cutting off the supply of gas to the engine till it is just barely 
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Fig. 00. Section of Steering Column, Showing Spark- and Throttle- 
Levers and Connections. 

enough to keep it turning around. In cars in which such an auto- 
matic closing of the throttle is not provided, the operator must 
throttle his gas supply when he slows up or throws the load off the 
engine; otherwise the continuance of the full charge of gas into the 
cylinders will cause the engine to speed up or race. This racing is 
not beneficial to an engine, and must be avoided, either by releasing 
the foot-pedal which in some cars operates the throttle, or by mov- 
ing the lever on the steering wheel which controb it in others. 



03 



Digitized by 



Goo^^ 



82 



AUTOMOBILES 



The throttle-lever usually connects to a butterfly valve located 
in the pipe-line running from the carbureter to the engine, this small 
butterfly valve enlarging or diminishing the passage from carbureter 
to engine cylinders, thus decreasing or increasing the supply of gas. 

In starting, the amount of charge needs to be but small; hence the 




Gajolin» from Tttnh ^ 
Fig. 01. Throttle-Control System of Peerless Car. 
Peerless Motor Car Company, Cleveland, Ohio. 

throttle-lever is in the position admitting only enough gas to turn 
the engine over. 

^Tien shifting gears, the throttle should be momentarily closed, 
and the clutch entirely disengaged. 

Just before stopping the engine, push the throttle-lever to the 
position in which it most completely closes the throttle valve. 

In speeding up a car, advance the throttle first, and then follow 
with the spark. 

Do not get in the habit of running the car with the throtde open 
and spark retarded. This results in over-heating of cylinders and 
valves, often causing exhaust valves to stick from over-heating and 
carbonizing, and resulting in excessive gasoline consumption. Keep 
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the spark advanced in proportion to the speed of the car. However, 
watch carefully for any signs of knocking, which is occasioned by 
having the spark too far advanced, causing early explosion of the 
charge. This throws a heavy strain on the crank-shaft when passing 
dead center, and is likely to break the crank-shaft. 

A novice is inclined to race his engine — to open his throttle too 
wide, giving too much charge without any load. He is apt to be 
afraid that if he checks down the throttle, he will have to get out and 





Fig.' 93, Steering Column, Control Levers, 

and Emergency Brake of Great Arrow Car. 

George N. Pierce Company, 

Buffalo, N. Y. 



Fig. 98. Steering Column, Control Levers, 
and Other Operating Devices of 

Locom6blle Car. 

Locomobile Company of America, 

Bridgeport, Conn. 



start the engine again. The result is that fuel is wasted and parts 
are worn out unnecessarily. 

Fig. 91 is a diagram showing a typical throttle-control system as 
used by the Peerless Motor Car Company. It will be noticed that 
the small throttle-lever on the steering column, and the Accelerator 
foot-pedal, operate the same rod, regulating the amount of mixture 
admitted to engine. A separate lever in this car regulates the amount 
of cold air admitted to the mixture. 

Figs. 92 and 93 are other typical examples of engine-controlling 
mechanism. 

Muffler Cut-Out and Compression-Relief Levers. In addition 
to the spark- and throttle-levers, most cars are provided with levers 
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for opertng the exhaust into the air without passing through the muf- 
fler. This is a means of gaining more power, and is utilized in going 
up grades and when power is at low ebb. 

The compression-relief rod connects to cocks on the engine 
cylinders, preventing or partially preventing compression. The 
• chief use of this rod is in starting, to permit of easy cranking. The 
compression-relief rod, instead of operating independent relief-cocks, 
is frequently connected to cams or rollers which raise the exhaust 
valves. 

Fig. 94 is a side elevation of Model 24 Rambler Car, which 
shows very clearly the location and action of the muffler cut-out and 
compression-relief levers. In this diagram, G is the muffler cut-out 
pedal, which connects to Ky the muffler cut-out; and H is the pull- 
rod for opening the cylinder compression-relief cocks. 

POWER-TRANSMISSION DEVICES 

Thus far we have considered the frame, the running gear, the 
engine, and the methods used for operating and controlling the 
engine. The next logical step in our analysis of the car into its 
component parts, is a study of the methods of transmitting the engine 
power at its various speeds to the running gear. This leads us to a 
study of Power-Traiismission Systems, 

ITie power-transmission system consists (1) of the Clutch and 
its operating rods and levers for connecting the engine to the speed- 
changing or transmission system; (2) of the Transmission or Change- 
Speed Gears, which transmit the power of the engine to the Differential 
System, which last-named transmits the power from the change- 
speed gears to the rear axle of the car. ITie Clutch System and the 
Transmission or Change-Speed System each include a set of operating 
rods and levers, the action of each of which must Ihj thoroughly 
understood by the operator before he attempts to drive his car. 

CLUTCHES 

Metallic Constriction-Band Clutches. Most runabouts having 
horizontal engines use what is known as the constrkiion-band type of 
clutch in connection with planetary transmission. The various 
s})eeds are given from the engine to a countershaft or an external 
hollow shaft carrying a sprocket wheel over which passes a chain 



97 

Digitized by 



Google 



86 



AUTOMOBILES 



driving a larger sprocket on the rear axle. These various speeds are 
secured in the following mariner: / 

A series of rods or clutch fingers are attached to a collar on a 
countershaft in such a manner that they may be operated to and fro 
by means of a lever located at the driver's right hand, which is known 
as the cliUch lever. In this type of transmission, high speed is secured 
by locking all of the transmission gearing together so that it revolves 
with the motor shaft and acts as an additional fly-wheel carrying 

with it the driving sprocket. 
In the neutral position, the 
clutch fingers are altogether 
released, leaving the motor 
free to run without driving the 
automobile. 

The constriction bands are 
used to hold the large ring 
gears with internal teeth, which 
constitute the outer periphery, 
from turning while the inter- 
nal smaller pinions roll around 
inside at a speed such that 
the sprocket is driven at about 
one-third or one-fourth that of 
the engine shaft. The mounting and meshing of the various gears 
are arranged so that the tightening of one constriction band causes 
slow speed forward, and of the other constriction band causes slow 
speed backward. In a good many vehicles of the runabout type, 
the reverse feature is separately connected to a foot-pedal. 

Oil should not be put on metal band clutches unless there is evi- 
dence of cutting, as it will cause them to slip. The wearing surfaces of 
the bands should be wiped with gasoline occasionally, to help keep 
them smooth and clean. 

It is seldom necessary to tighten the clutch bands, and it is 
usually a mistake to tighten them, as this is likely to cause them to 
break. 

Fig. 95 shows an external view of a typical constriction-band 
clutch as used with planetary transmission in the Reo car. 

Fig. 96 shows the planetary transmission of the Reo car, with 




Fig. 95. Constriction-Band Clutch, as Used 

in Reo Car. 
Reo Motor Car ComT^a-uv, Lansing, Mich. 
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the rods attached to the clutches. It will be noted that the reversing 
clutch has ifcS rod connected to a foot-pedal, and the two forward 
speed clutches are operated by the side lever on the outside of the 
frame 

Planetary transmissions have the clutches and their levers so 
arranged as to give two speeds forward and one reverse, in almost 
all instances. 

The arrangement of the gears and their action in the planetary 




Fig. 96. Side View of Part of Chassis of Reo Car. Showing Constriction-Band 

Clutches and Operating Rods. 

Reo Motor Car Company, Lansing, Mich. 

transmission system are more fully described under the heading of 
"Speed-Changing Gears." 

Disc Clutches. With vertical automobile engines, the friction 
clutch is most generally a single disc in the form of a frustum or 
section of a cone, with a face several inches in diameter; or a series of 
flat discs. The disc or discs are either pushed into the fly-wheel 
(which has a corresponding hollowed-out portion) from the rear 
towards the front of the car, or are pulled into the fly-wheel towards 
the back on the squared portion of a coupling shaft between the 
engine and transmission. In this manner the rotation of the engine 
fly-wheel is transmitted to the shaft on which the clutch disc or discs 
are keyed. This clutch shaft is in turn connected to the so-called 
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Pig. 97. Internal Expanding Clutch. 

Peerless Motor Car Company, 

Cleveland, Ohio. 



transmission or speed-changing 
system, which connects to the 
rear or driving wheels. 

The clutch is most frequently 
operated by means of a push- 
pedaL In some cars it is neces- 
sary to keep a downward pres- 
sure on the pedal, either with 
the foot or l)y means of a latch- 
ing device, in order to keep the 
clutch in contact with the fly- 
wheel. In this t\^e of construc- 
tion, a stiff spring normally 
pulls the clutch out of engage- 
ment, the pull of 
the spring being 
overcome by the 
pressure on the 
pediil. 

Another type of 
constniction is one 
in which a forward 
pressure on the' 
push-ptxlal disen- 
gages tlie chitcli 
from the fly-wheel 
and prevents the 
transmission of 
power from the en- 
gine to the trans- 
mission. 

It is a very gen- 
eral mistake to con- 
sider it a,s part of 
the regiihir oiling 
of an automobile to oil the IcatluT face of the clutch. If the 
clutch is operating satisfactorily, it should not be disturbed. If it 
slips, it needs attention. Slipping of tlie clutch is caused by its 




Fig. 9S. Thomas Patented Three-Disc Clutch with Cork 
Inserts in Position on Chassis of Thomas Car. 
E. li. Thomas Motor Company, Buffalo, N. Y. 
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l)i»ing too greasy and hardeiu^ by dirt. The renKHjy is to clean the 
leather with gasoline and then treat it with castor oil, spreading the 
oil all around, and allowing it to soak over night in order to make it 
soft and pliable. 

In some cars the pliability of the clutch leather is increased by 
having grooves milled or chipped into the aluminum body of the disc, 




PlR. 99. Multiple-Disc Clutch of the FVanklin Car. 
H. H. Frankliu Mauufac'turlnj? Company, Syracuse, N. Y. 

and placing short pieces of flat spring steel with a slight outward 
curvature in diese slots. The outward pressure against the leather 
band, which, although riveted or stitched to the disc, is attached in 
such a manner as to be susceptible to this outward action of the spring 
steel, makes it very ea,sy to engage the clutch gradually and without 
sudden gripping. A novice is inclined to throw the clutch in too 
suddenly, 

Fig. 97 shows a conical leather-faced disc clutch as used in the 
Peerless car; and Fig. 98 shows a similar clutch as used in the Thomas 
car, mounted in position on the chassis. 
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Recently miUtiple'disc clviches have been superseding the leather- 
faced cone clutches, owing to the fact that the leather wears out 
pretty rapidly, and also the multiple discs can be put into small space 
and encased in oil. Fig. 99 shows this type of clutch as used in the 

Franklin car. The disc clutch 
is located within the fly-wheel. 
The discs are of phosphor- 
bronze and steel alternated, 
and run in an oil bath. The 
bronze discs revolve with the 
fly-wheel; the steel discs re- 
volve with the clutch-driver. 
None of the discs can revolve 
independently, but they are 
free to slide together or apart; 
and when the clutch is let in, 
a spiral spring squeezes them 
together. As the oil between 
them is squeezed out, the 
bronze discs tuf ned by the fly- 
wheel press against the steel 
discs on the clutch-driver, 
which is connected to the trans- 
mission shaft, and gradually 
revolve them by friction. This 
revolves the transmission shaft, 
and the car gradually starts. 

This clutch is further illus- 
trated diagrammatically in Fig. 
100. The bolts A prevent the phosphor-bronze discs from rotating 
in the fly-wheel B, but the discs are free to move laterally The 
steel discs C do not touch the fly-wheel, but are carried on the 
clutch-driver D, on which they are free to move laterally, but can 
rotate only with the clutch-driver The clutch-driver, by means of 
the universal block E, is connected directly to the transmission shaft F. 
The flat spiral spring G holds the plates firmly against each 
other when the clutch is engaged or whenever the foot-lever IJ is 
not pressed forward. 




Fiif. 100. Diagram Showing Construction of 

Franklin Multiple- Disc Clutch. 

H. H. FranHln Mfg. Co.. Syracuse, N. Y. 
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As the motor turns, it revolves the fly-wheel B; the discs / 
also revolve, being driven by bolts ^4. Because of the spring G, 
friction is exerted on the discs / and C, and the discs C are thus 
made to revolve. This rotates the clutch-driver D, because the discs C 
are fastened to it. The rotation of the clutch-driver D is communi- 
cated to the transmission by the square driving block E^ 

To throw out the clutch, the foot-lever // is pressed forward. 
This moves the clutch-shifter lever J backward, which carries with 
it the clutch-shifter trunnion K, which runs upon the clutch-driver 
D, As the clutch-driver D moves backward, it brings with it the 
ball thrust represented by L, M, and A^. This compresses the 
spring G, relieving the pressure on the discs, which, being free to 
move laterally, separate; and oil, from the oil bath in which the 
clutch runs, fills up the spaces between the plates. When the clutch 
is released, the oil which has gotten in between the plates is released 
by pressure. While the oil is being removed, the clutch slips slightly 
and the car picks up gradually. 

SPEED-CHANGING GEARS 

Planetary Gears. The operation of constriction-band chitches 
used in connection with planetary gears has already been touched 
upon under the heading of "Clutches." 

Fig. 101 is a view of a typical planetary gear set, as used in the 
Cadillac car. In this figure, the central gear D is the driving gear, 
and is keyed to the engine shaft. This drive gear meshes with the 
planetary pinions FFF, which in turn mesh with the internal 
gearfi. 

The driving sprocket and its frame are mounted on a journal 
which rotates freely about the engine shaft, either at the same speed 
forward as the engine shaft, or at slower speed forward, or at a slow 
speed in the reverse direction. The speed and direction of the 
sprocket depend on the operation of the clutches. If the lever b 
drawn which is attached to the high-speed clutch, the drum K be- 
comes locked to the engine shaft. All of the gears are then inactive, 
and the entire gear set rotates as an additional fly-wheel, the sprocket 
turning at the same speed as the engine shaft. 

For slow speed the drum K is held by the tightening of the slow- 
speed clutch band, preventing the drum from rotating. The plane- 
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Fig. 101. Planetary Transmission Gear of 

Cadillac Single-Cylinder Car. 
Cadillac Motor Car Company, Detroit, Mich. 



tary pinions, rolling on the internal gear B, drive the same slowly 
forward, and with it the sprocket A. 

For reverse, the case H is held by its constriction band; and 

gear B is now driven in the op- 
posite direction from the engine 
shaft, and with it the sprocket 
A. 

Sliding Gears. The sliding- 
gear type of speed-changing de- 
vice is by far the most generally 
used, particularly on touring 
cars and heavier cars in general. 
The sliding-gear set consists 
of two sets of gears — one set 
mounted on a shaft to which 
they are rigidly fastened; and 
the other set mounted on a 
countershaft, which is either 
s(|uare between its journals, or 
with a long key so tliat the 
geai-s on it may Ix; moved 
lengthwise along the counter- 
shaft and made to mesh in dif- 
ferent combinations with the 
gears that are fixed in position 
on the main shaft. 

The operation of the sliding- 
gear set on any car can be easily 
learned by removing the gear- 
box cover and moving the gear- 
shifting levers, watching the resulting gear meshings. 

Fig. 102 shows the sliding-gear set of the Franklin car. The cut 
shows the position of the gears for direct drive, or high-speed gear. 
For reversing, gears A and B are in mesh. For low speed, gears A 
and C are in mesh. 

Fig. 103 is another example of a sliding-gear set as used in the 
Autocar. The shaft A is the main drive shaft, on which the clutch 
is mounted. Gears B and C are practically one piece, and are car- 




Fig. 102. Sliding Transmission Gtoar 

of Franklin Car. 

II. IL Franklin Mfg. Co., Syracuse, N. Y. 
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ried along the squared shaft Z) by a sHding fork connected by rods 
to the gear-shifting lever (this fork is not shown in the illustration). 
Shafts is separate from shaft D; tifet is, they can revolve at different 
speeds. For the slowest sj>eed, the slide gear BC is moved along the 
squared shaft until C is in mesh with E. For the reverse, C meshes 




Flff. 103. Sliding-Qear Set of Autocar. 
Autocar Company. Ardmore, Pa. 

with an idler connected with F. For the intermediate speed, B 
meshes with G. For high speed or direct drive, the teeth H engage 
with the teeth K, and D rotates at the same speed as the engine shaft. 
At all times L is in mesh with Af, and so drives the countershaft N. 
At the rear end of D, is the universal joint connecting the gear set 
with the rear axle. 

All modem cars that use sliding-gear sets are provided with 
some arrangement whereby the clutch is disengaged during the gear- 
shifting process, in order to prevent grinding of gears during changes. 
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Speed-Changing Levers Operating Sliding Gears. Some cars 
have separate levers for high and low speed. Some use a lever for 
high speed, and a foot-pedal for slow speed; and in such cars the 
operator must be careful never to throw the high-speed lever forward 
before the low-si>eed lever is released, or vice versa. 

Some makers use a single speed-changing lever on the right side 
of the car, usually nearer the oj>erator than the brake lever, which is 




Fig. 104. Emergency Brake and Change-Gear Control. 
H. H. Franklin Manufacturing Company, Syracuse, N. Y. 

generally the outside lever where there are two levers on the right 
side of the car. With this variety of speed-changing lever, there is 
usually a piece in the form of a quadrant or arc of a circle located 
near the lower part of the lever. This (juadrant is provided with 
notches that catch a pawl with a spring back of it, which is com- 
pressed and consequently released by the hand pressing on a grip 
operating a rod leading to the spring. These notches or steps are 
located at the points for proper meshing of gears, or of tightening of 
clutch-bands for the various speeds. 

A still further range in a limited space is obtained in the 
Thomas, Franklin, Peerless, and other cars, by means of a lateral 
movement of the speed-changing lever so that it has two paths in 
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the quadrant — an inner and an outer path — each path provided 
with notdies. 

Fig. 104 shows this type of lever and quadrant as used in the 
Franklin car; and Fig. 105 shows a similar set as used in the Peerless 
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Fig. 105. Speed Changing and Brake Levers of Peerless Car. 
Peerless Motor Car Company, Cleveland, Ohio. 

car. Referring to Fig. 105, it will be seen that the lever can be 
thrown into five notches. When the lever is in neutral position be- 
tween the notches, none of the gears are meshed, and the motor runs 
free. 

In the first speed, the driving is through the direct-drive sleeve 
countershaft gear, first-speed pinion, and first-speed gear (see Fig 
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106, which shows the sliding gears of the Peerless car). Second 
speed is through direct-drive sleeve, countershaft gear, second-speed 
pinion, and second-speed gear. Third speed is through direct-drive 
sleeve, countershaft gear, third-speed pinion, and third-speed gear. 
High speed is through direct-drive gear meshing internally with 
third-speed gear, thus making' a direct drive. 

For the reverse, the driving is through the countershaft pinion, 
countershaft gear, first-speed pinion, and reverse idler gear that 
reverses first-speed gear. 

The most desirable arrangement for direction of lever move- 
ment for reverse, is one in which the lever must be pushed backward 
from neutral notch towards the rear of the car, as this seems the 
natural movement to produce backing up. 

Use of Speed-Changing Levers in Operating Car. Before 
pushing lever into high gear, start on low gear, then throw into 
middle gear, and then into high speed. 

To stop the car, disengage the clutch where the clutch is operated 
by a foot-pedal separate from the hand-levers. This plan is advo- 
cated because it facilitates quick stopping. Remember, however, 
that you have not "finished your job" until the speed lever has been 
thrown into "neutraP' or "off" position. You are likely to forget 
this, although remembering the other details in regard to stopping 
your engine, with the result that when you throw in the clutch you 
start off on high speed. 

In cars where a foot-pedal throws in the clutch, be sure that the 
speed-selecting lever is fully in position for proper meshing before 
the clutch pedal is let into connection; otherwise the gear teeth may 
be only partly in mesh, and the sudden strains of starting would l)e 
liable to damage the gears. 

Caution. Engage but one gear at a time, A serious chance 
for confusion and breakage is offered the operator in makes of cars 
employing separate levers, by the fact that in some cars the slow- 
speed lever is used as a reverse lever by pushing it into its ex- 
treme forward position, instead of by adopting the suggestive and 
natural method of accomplishing reverse by a backward throw of 
the lever. 

In all cars employing two levers for speed changes, be abso- 
lutely sure that one lever is thrown into neutral position before the 
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other is engaged. The neutral position would naturally be the 
center of the are or quadrant; but here again different makers 
differ. 

Although some cars are so constructed that the meshing of one 
lever locks, or prevents any other lever from being thrown into mesh, 
there are many makes of car which are not "fool-proof* in this re- 
spect. A novice, thinking he has to put on his slow speed before 
reversing, and then put on his reverse, is liable to damage something 
in some makes of cars where he can put both in mesh at the same 
time. 

Changing Gears. A driver will soon become familiar with the 
approximate speed corresponding to each set of gears, especially if 
he compares the speed as he sees and feels it with the odometer 
readings. In changing gears, the car should first be brought by 
means of the spark and throttle regulation to very nearly the speed 
of the gear to which it is desired to change. 

In changing from low to high, the movement on the gear lever 
should be quick, so that meshing of the teeth is done promptly with- 
out any grating. In changing from high to low, the movement does 
not need to be so rapid. 

Difficulty in Changing Gears. If there is difficulty or noise 
in changing gears, it is likely to be due to worn or loose bearings, 
or loose pinions, or loosening of the gear case. A new car should 
not be accepted if there is difficulty or noise in changing gears, al- 
though this feature is neglected by many makers. 

Grinding Gears. Occasionally a car is foimd which gives the 
operator considerable trouble in changing from one gear to another, 
owing to the gears grinding together instead of going into mesh 
easily. If this trouble appears by degrees in a car ordinarily well- 
behaved, it is a pretty sure indication that the gear-shaft bearings 
have been cut so that the shafts are badly out of line, and trouble of 
this sort should be investigated at once, as nothing will wear the gears 
so fast as to mesh improperly. 

Running on High-Speed Gear. Where there are three speeds, 
the highest speed is usually the dirtect. In some instances where 
there are four speeds, the third is the direct. It is generally con- 
sidered best to keep on the direct-drive gear as much as possible, 
because it gives less heating, and there is less friction in engine and 
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transmission and less lost work. When the engine speed gets so low 
that the strain is felt in each stroke in the parts, it is best to change 
to lower gear. 

The prevalent fad of climbing all hills on the high-speed gear is 
a great mistake. Although it may be possible to force a car up a 
hill on this gear, the time taken will be as a rule just as long as if the 
lower gear had been used, and the strain on the engine and trans- 
mission is unnecessarily great. 

DRIVE 

The clutch and clutch-shaft constitute the connecting portion 
between the engine and the speed-changing or transmission 
systems. The term transmission, in its general sense, includes also 
the connections between the transmission or speed-changing gears 
and the rear-axle driving system. The prevailing types of trans- 
mission from the gears to the rear system, and generally designated 
by the term drive, are: 

1. Single-Chain Drive. 4. Friction Drive. 

2. Double-Chain Drive. 5. Cable Drive. 

3. Direct or Shaft Drive. 

It is claimed that the single-chain drive is more efficient than 
either the shaft or double-chain drive. However, a single-chain 
system necessitates the hanging of the engine lengthwise with the 
chain, or the use of an extremely long chain extending to an engine 
under a hood. 

The shaft drive is generally acknowledged to be more efficient 
than the double-chain drive, because there are fewer points of fric- 
tion. The shaft drive eUminates two bearings, besides doing away 
with both chains and four sprocket-wheels. 

The direct drive requires the use of one or two universal joints to 
provide for any change in alignment between the clutch-shaft and the 
rear-axle drive-shaft. The . universal joint has been a part of auto- 
mobile mechanism that has caused a great deal of trouble to manu- 
facturers whose design of joint has not been Uberally and accurately 
proportioned and made of the best material. These difficulties have 
been overcome a^ designs of universal joints have improved; and 
for several years, every Vanderbilt race has been won with a shaft- 
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driven car. The shaft drive can be made dust-proof, which can- 
not be said of the chain drive. The chain drive is much more ex- 
posed to dust, and has many more wearing parts. 

Still another type of transmission is the so-called friction 
transmission. Ih this system, a disc of from 18 to 30 inches diameter 
is keyed to the rear end of the clutch-shaft. Its rotation is trans- 
mitted by means of an intermediate disc placed at right angles to the 
first one, and through it to a third disc parallel to the first and keyed 
to the drive-shaft. The intermediate disc or cone — or set of them, 
there being sometimes two — is arranged so that it can be drawn 
outward or pushed inward, the rim thus bearing on the face of the 
disc mounted on the clutch-shaft, at varying radial distances from 
its center. As the bearing surface is drawn further out, the rotational 
speed is increased. This type of transmission is being applied to an 
increasing number of medium-weight and light-weight cars. 

Fig. 107 is a view of the Reo car chassis, showing a good form of 
single-chain drive. 

Fig. 108 shows a double-chain drive as used in the American 
Locomotive car. 

Fig. 109 is a view of the Studebaker Model "L'' chassis, showing 
direct-drive shaft with two universal joints. 

Fig. 110 is a view of a two-disc friction transmission with single- 
chain drive, as used in the Cartercar. 

Cable drive is employed in the Holsman car, the cable passing 
over sheave wheels, a small one on the drive-shaft and a large one on 
the axle. 

Universal Joints. Fig. Ill shows in detail the construction 
of a universal joint as used by the National Motor Vehicle Company, 
Indianapolis, Ind. This joint is located immediately in rear of the 
transmission gear case, the main steel portion A being attached 
to the shaft of the transmission by the two keys B, indicated by 
dotted lines. 

On the end of this portion is an annular bearing C held by the 
nuts D, with a lock-washer E between them. This bearing, and 
therefore the main portion of the universal joint, are prevented from 
pulling out of the case by the end adjuster ring F screwed into the 
main bearing sleeve G, and prevented from becoming unscrewed 
by the locking key //. The driving shaft /, turned to a ball 



113 



Digitized by 



Google 



102 



AUTOMOBILES 




9JH 

if 

(3 « 

11 

'"J 
?S 
^^ 

II 



114 



Digitized by 



Google 



AUTOMOBILES 



103 




Fig. 109. Chassis of Studebaker Model L, Car, Showing Direct or Shaft Drive, with 

Two Universal Joints. 

Studebaker Bros. Mfg. Co., South Bend, Ind. 




Fig. 110. Two-Disc Friction Transmission as Used In Cartercar. 
Motor Car Company, Detroit, Mich. 
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shape at one end, has the hardened pin J running through it, upon 
which work two steel squares K sliding in slots in the main portion 
of the joint Ay thus permitting a universal movement and also the 
sliding fore-and-aft movement of the driving-shaft, due to the ac- 
tion of the springs. 
There is a tu- 
bular sleeve which 
encloses the work- 
ing parts of this 
joint, which is held 
_ ^^ in place by the 

d)-'^ ^ b y - ^' -^; '- ^'^-'-> !f.^:^ ^ cap screw i. An 

oval hole in the 
sleeve at M allows 
the removal of the 
squares, and per- 
mits the packing 
of the joint with 
grease, by turning 
it through an an- 
gle of 90 degrees. 
The end of the 
joint is covered 
by a cone-shaped 
piece of rawhide, 
fastened at one 
end to the sleeve and at the other end to the drive-shaft. A small 
hole through the center of the shaft allows some oil to flow into the 
joint from the transmission case. 

Differentials or Balance Gears* \Vhen a car is turning a corner 
or passing over uneven places in the road, one rear wheel must 
turn faster than the other. It is necessary to provide mechanical 
means for this unevenness of turning, at the same time that 
uniform rotating power is furnished through the drive-shaft or driv- 
ing sprocket . 

Figs. 112 and 113 show how this is accomplished by means of the 
differential or balance gear. Fig. 112 is a view of the Studebaker 
Model F rear axle, showing housing removed and balance gear dis- 




Pig. 111. Details of Universal Joint in National Car. 
National Motor Vehicle Company, Indianapolis. Ind. 
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Fig. 112. Rear Axle Showing Differential or Balance Gear as Used in 

Studebaker Model F Car. 

Studebaker Bros. Mfg. Co., South Bend, Ind. 

sected. The small bevel pinion in the center of the cut is attached 
to the driving shaft. It meshes with the large bevel gear. On the 
inside of this bevel gear, is fastened a plate on which are mounted on 
short projecting shafts a number of small pinions, which mesh with 
gears fitting onto the square ends of the right and left rear axles^ 
respectively. The amount of force transmitted is equal toward both 
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Fig. 1 13. Peerless Differential Gear. 
Peerless Motor Car Company, Cleveland, Ohio 
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sides, and variations of speed between the two rear wheels are taken 
care of by rotation of the small pinions in opposite directions. Fig. 
1 13 b a view of the Peerless differential. The principles of action are the 
same as in the one just described, the only difference being that small 
pinions carried on the large driven bevel gear are located directly 
in the center of the rear axle in line with the driving pinion. 

Owing to the heavy strain on the large driven bevel gear, 




Fig. 114. Rear- Axle Consiruction on Maxwell Car, Snuwlns Roller Thrust 

to Relieve Strain on Large Driven Bevel G«ar of Differential 

Maxwell-Brlscoe Motor Company. Tarrytown, N. Y. 

a number of makes provide a thritst roller-bearing against the 
back of the large bevel gear — that is, on the side opposite the 
teeth. 

Fig. 114 is a view of the rear axle of the Maxwell car, showing 
this roller thrust. 

LUBRICATION 

Pipes for lubrication should not be too small. Sharp turns in 
oil pipe-lines should be avoided. 

Oil and Oiling. The life and amount of service and sat- 
isfaction to be obtained from a motor depend very largely on the 
amount and quality of the oil used. The proper gas-engine cylin- 
der oil should have a flash point of about 500 or 600 degrees 
Fahrenheit, and should contain only the minimum amount of car- 
bon. It should always be filled at the temperature used. This ne- 
cessitates using a different weight of oil in warm weath r from that 
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used in cold weather. For warm weather, use a heavy oil; and as 
the weather grows cooler, change to a lighter oil. 

A teaspoonful of powdered graphite mixed with a little water 
inserted through the relief-pipe, will occasionally help greatly to re- 
duce the amount of oil used. 

The oil should be entirely drawn from the engine case about once 
a month, and all of the parts washed with kerosene. In refilling 
with oil, it should be deep enough so that when the connecting rods 
are down they will dip into the oil about | inch. 

After cleaning, running the engine for a few revolutions with 
the case filled with kerosene will cut out any oil which may have 
become gummed on the cylinders or about the piston rings. 

If the motor has not been run for some time, this should be done. 
If the motor is in constant service, it is not necessary, though it will 
do no harm. 

For the transmission gears and differential gears, use a heavy 
oil corresponding to a steam-engine cylinder oil of cheap grade. 
Each of these gear cases should be about one-third full. For univer- 
sal joints, use Albany grease. This is better than vaseline, as a 
slight heat transforms vaseline into liquid, and it runs out. 

If springs squeak, force a small quantity of oil into the joints. 

There is usually altogether too much lubricating oil applied to 
an engine. Six to eight drops a minute is ample for cylinder lubri- 
cation. 

Chains, after having been thoroughly cleaned with kerosene, 
are dipped into melted tallow, and replaced after the tallow is 
cooled. 

Forgetting to lubricate bearings is likely to cause firing of 
bearings, or hot boxes, which will necessitate stopping and delay. 

The greatest drawback to the success of air-cooled motors, it 
has been claimed, is the problem of lubrication. The following 
method is adopted in the Marmon car to solve this problem: 

The crank-shaft is drilled with one-inch holes from end to end through 
the main bearings and through the four crank-pins. Three-eighths-inch holes 
are drilled through the arms of the cranks, connecting with the one-inch holes. 
It is claimed that this dril^ng does not weaken the shaft — in fact, that it 
strengthens it by removing internal strains on the forging. After the drilling 
is done, the outer ends of all the holes, except the one in the fore end of the 
shaft, are plugged, thus forming a continuous oil passageway from the forward 
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end entirely through the shaft into the rear main bearing. The crank-shaft is 
then drilled with radial holes at the center of every bearing, and these holes lead 
the oil from within the shaft directly into the bearing. A pump draws the oil 
through a screen from the bottom of the oil well, and forces it through a tube 
into the end of the crank-shaft, maintaining a uniform pressure constantly. 
It is claimed that oil smoke is never seen coming from the muffler of an engine 
with this type of lubrication. 

Mechanically Operated Lubricators. Gravity and pressure sys- 
tems of lubrication depend upon needle-valves, and the oil supply 




.....J 



Fig. 115. External View of McCord Force-Feed Lubricator (Six Feeds) ; 

I*ollshed Sheet-Brass Reservoir, Rotary Drive. 

McCord & Company, Chicago, 111. 

is the same for all speeds. Xeedle-valve regulation is difficult, 
because it is interfered with by the slightest particle of foreign matter 
in the oil and by temperature changes. An engine running at high 
speed requires more oil than at slow speed. Too much oil gums 
the bearings and cylinders, and increases friction; and with too little 
oil, they are liable to damage. Oil for automobile lubrication hats 
to pass through a number of feet of small tubing before it reaches 
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the points of lubrication, and requires in some cases to be delivered 
against pressure. 

To provide for all of these problems, mechanically operated 
lubricators have been devised, which consist of pumps driven by 
some mechanism 

connected to the en- ^ >TP^, ^ 

gme, so that when 
the engine starts the 
oiling begins at 
once, being so reg- 
ulated that it varies 
in proportion with 
the engine speed 
and stops when the 
engine stops. 

Figs. 115 and 
1 16 are external and 
sectional internal 
views, respectively, 
of the McCord 
Force-Feed Lubri- 
cator. This lubri- 
cator consists of a 
rectangular reser- 
voir and cover, pro- 
vided with a filling 
opening closed by 
a plug^L^, the oil, 
when poured into 
the reservoir, pass- 
ing through a perforated sheet-metal strainer V which prevents 
any solid particles from getting into the tank. The force-feed mech- 
anism consists of pumps C and D. The stroke of the pump C 
can be adjusted from the top of the lubricator without removing the 
cover. The second pump D has a constant stroke, and forces the 
oil after it has dropped through the sight-feed glasses Q onward to 
the point of lubrication. At the bottom of the sight-feed glasses, a 
gauze screen is placed as an additional protection to prevent even the 




Fig. 118. Construction and Operation of Meclianlcally 

Operated Force-Feed Lubiicator. 
^—Reservoir: 2?— Pump; 6'— Pump Phmger, Suction; i>— 
Pump Plunger, Delivery; JS"— Driving Yoke: i^— Driving 
Yoke Fulcrum; (; -Regulating Stem; //—Regulating Stem 
Spriug: /—Regulating Button; J— Eccentric Shaft: A'— Worm 
Gear; Z— Worm; if— Stuffing Box; iV— Stuffing Box Oland; 
^>-Drivlng Wheel: P— Sight-Feed Gla-ss Socket; O— Sight- 
Feed Glass; /f— Sight-Feed Glass Cap; «S— Slght-Feed Nozzle; 
r-Cover: P— Strainer Plug: F— Strainer- iT— Outlet Union 
Nipple; J:— Studs; r—Stufflng-Box Gland Lock-Nut. 
MeCord & Company, Chicago, 111. 
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smallest particle of foreign matter from being forced to the bearings. 
This is in full view of the operator, and can be removed and cleaned 
by taking off the brass cap. These sight-feed glasses are simply a 
protecting case for the oil drops, and contain no liquid adhering to 
the glass, which has always been a great disadvantage in the liquid 
sight-feed glasses. The amount of oil being pumped is at all times 
visible to the operator. The operation is as follows: 

The pumps ace driven by the eccentric / and adjustable lever E, by 
means of a worm gear K connected to the cam-shaft or other rotating part of 
the engine by the pulley or sprocket 0. (In some lubricators this wheel is a 
thin ratchet wheel actuated by a pawl.) The stroke of supply-pump C is 
varied (thus increasing or diminishing the amount of oil pumped) by means 
of the sliding arm F, which forms a movable fulcnun for the piunp-lever E, 
When the regulating stem G is screwed down, the fulcrum is raised and the 
stroke of the pump-piston is lengthened. Lowering the fulcnmi decreases the 
stroke of the pump-piston and diminishes the amount of oil pumped. This 
pump delivers oil through the oil standpipe S^ from which it drops to the de- 
livery pump D attached to the jaws of the operating lever. The stroke of this 
pump is constant, and every drop of oil which falls into the pump chamber 
must be forced out through the delivery pipe W and on to the point of lubri- 
cation. 

With the car running from fifteen to twenty miles an hour, each 
cylinder oiler should show ten drops per minute. 

As a typical illustration of where lubrication should be applied, 
and how often, it will be well to study carefully Figs. 117 and 118, 
which show plan view and side elevation respectively of the Peerless 
car, with lubricating points plainly designated. 

For this car the following lubricating instructions are given: 

DAILY OIL AND GREASE 

Eight grease cups should be given careful attention by the opera- 
tor. TTiese are located as follows: (1) On the right of the water 
pump, exhaust side of motor; (2) and (3) on the front end and rear 
end of the connecting rod which joins the steering column with the 
steering knuckles; (4) on the outside of the casing enclosing the worm 
and sector mechanism at base of steering column; (5) on the crank- 
ing device directly under the radiator well in front; (6) on the collar 
behind the spring on the clutch; (7) on fan-shaft; and (8) on driving- 
shaft between clutch and transmission. The above-mentioned grease 
cups should be filled with grease and screwed up a turn every day 
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before starting on a trip. When the caps have been screwed down 
as far as possible, unscrew, and fill again with grease. 
Small oil-cups are located in the following positions: 

Top of case covering half-time shaft to water-pump. 
On brass cover operating drive to main oil-pump. 
At end of all springs, to allow easy working of springs. 
On the steering knuckles and at ends of cross-rod attached to steering 
knuckles. 

On all rods pertaining to the brake and clutch mechanism. 
On all knuckles pertaining to the brakes. 

An oil-cup is located on top of the shaft in the commutator box. 
This should be given attention at frequent intervals, to have the 
bearings well lubricated. Half-way down the vertical casing carry- 
ing the commutator shaft, is another small oil-hole. This shaft 
should be oiled occasionally. 

The slots through which the brake-equalizers work should have 
some oil occasionally. 

The entire lubricating system should be thoroughly gone over 
every month, to insure perfect running of the car. Too much oil is 
better than too little, and it is advisable that the operator give this 
his most careful attention. 

Oil in Crank-Case. The correct level of the oil in the crank-case 
IS regulated by standpipes connected with pet-cocks underneath the 
crank-case. Before starting on a run, it is important to know that 
the crank-ca«e is properly filled. Open l>oth crank-case oil gauge- 
cocks; and if the oil runs out, allow it to run until the excess is all 
withdrawn. If the oil does not run out of the pet-cocks, fill the 
crank-case through the vent-pipes until the oil commences to drain 
off through the pet-cocks. Care should be taken not to open the 
crank-case drain-cocks. 

Transmission. The transmission case should be filled with 
about five pounds of grease to which is added about a quart of light 
paraflSne oil. This lubricates the shafts, yokes, levers, and in fact 
all wearing parts. The four bearings are lubricated by a manifold 
oiler located at the front of the transmission case. This manifold 
should be filled before starting on a trip. An oil-hole in the cover 
of the transmission case allows opportunity to refill the transmission 
with grease and oil at any time it is deemed necessary. This should 
be at least once a month. 
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At the end of three months the top of the transmission case 
should be removed, and the case flushed with kerosene and refilled 
with grease and oil. This may be done by drawing off the oil through 
the drain-plug at the bottom of the transmission case. 

Universal Joints. The universal joints between the clutch and 
transmission and between the transmission and the rear axle are 
packed in grease, and housed in leather cases held securely in place 
by a brass band easily removable for replenishing with grease. This 
should be done about once in two months. 

Wheels. The wheels should be taken off, cleaned, and packed 

with grease about 
once in two months 
or of tener, depending 
on usage. The oilers 
on top of the rear 
and front hubs should 
be filled daily. 

Differential. Un- 
der ordinary condi- 
tions the bevel and 
differential gears 
should be cleaned 
once in three months. 
The cover of these 
gears should be taken off, and all the old grease removed and 
the gears carefully packed with new grease, care being taken to see 
that the grease is well worked in. The differential case holds about 
seven pounds of grease. By means of a plug in the differential case, 
it should be replenished with grease and oil at least once a month. 




Fig. 119. Rear Wbeel of Stndebaker Model O Car, 

Showing Hub Drum and Brake. 

Stndebaker Bros. Mfg. Co., South Bend, Ind. 



BRAKES 

Most cars are provided with two brakes — one known as the 
ordinary brake, and the other as the emergency brake. It is most 
convenient for the operator to have the ordinary brake operated by a 
foot-pedal, and the emergency brake by means of a lever. 

Formerly one of the brakes was applied to the clutch or drive- 
shaft. This method has been found to throw an undue strain on 
these parts, and the best modern practice is in favor of internal and 
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external brake-bands acting on hub drums on the rear wheels, one of 
these serving as the ordinary brake, and the other as the emergency. 

Fig. 119 shows the rear wheel of the Studebaker Model G car, 
showing location of hub drum and brake. 

Fig. 120 shows the internal and external brake system of the 
Peerless car. In this car the brakes act on a drum on each wheel, being 
operated through equalizers which give an even pressure on each 
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Fig. 190. Internal and External Brake System of Peerless Car. Showing 

Details Connected with Operation. 

Peerless Motor Car Company. Cieyeland, Qhio. 

wearing surface. The foot-brakes are made of steel bands, fiber- 
lined, and operate on the drums externally. WTien not engaged, the 
external bands are kept from the drum by means of springs at top and 
rear. 

The emergency hand-brake operated by the outside lever on the 
right-hand side of the car, engages the drums internally. These 
brakes are bronze bands expanded by a wedged cam-lever. These 
brakes are held away from the drum by means of springs, as shown 
in the figure. 

After a time it may be found necessary to adjust these brakes to 
take up for wear. This may be done by screwing up the brake-rod 
clevises to the rear of the equalizers, until the proper adjustment is 
reached. Care should be taken not to screw up these clevises so far 
that the band will drag on the drum. By jacking up the axle so that 
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the wheels clear the floor, and spinning the wheels around by hand 
with the brakes in released position, it may be readily noticed if 
there is any dragging action. 

Fig. 121 shows a brake drum of the Premier car, with details 
of the internal expanding and external contracting brakes. 

BEARINGS 

Bearings are either plain cylindrical, cylindrical in halves, 
roller bearings, ball bearings, or anntdar. 

Plain cylindrical bearings are usually bronze sleeves, and are 
used at points where no adjustment is expected to be necessary. 

Cylindrical bronze bearings 
cast in halves, the halves being 
separated by shims of soft metal 
or leather liners, are used in 
various parts of difl^erent makes 
of cars, a good many cars using 
this type in the main or crank- 
shaft bearings of the engine. 
In this type a moderate amount 
of wear may be taken up by 
tiglitening the cap screws which 
fasten the halves of the jour- 
nal-boxes together. A greater 
amount of wear may l)e taken 
up by removing the liners or shims, and replacing with others some- 
what thinner. 

Fig. 122 shows the American Ball Bearing Company's front hub. 
The nut A, which adjusts the cone D on the right-hand axle, is pro- 
vided with a right-hand thread, and the set screw B has a left-hand 
thread. The dust cap C has a left-hand thread. All of these parts 
on the left-hand axle are reversely threaded. To remove front wheels, 
unscrew brass cap C; and by means of a hexagon wrench, unscrew 
adjusting nut A^ but do not alter the position of set screw B. When 
replacing wheels, be sure that the ground angular surface on cone 
D is in contact with the balls. The nut A should be set firmly. 

To adjust front wheel bearings, proceed as above; withdraw the set 
screw B; screw on the adjusting nut A until the adjustment is right. 




FlR. 121. Brake Drum. 
Showing detail of internal expanding and 

ext4»rnal contracting brakes. 
Premier Mot-or Mfg. Co., Indlanaix)lis, Ind. 
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Now turn oflF the nut A about one half-revolution and tighten the 
set screw B. If there is lost motion in the bearing, loosen nut A, 
back out screw B 
a little, and tighten 
nut A again. A 
bearing is property 
adjusted only when 
screw B makes it 
impossible to force 
nut A on any fur- 
ther, and all lost 
motion is out of 
the bearing, but 
without being tight. 
Remember that one 
can easily put tons 
of useless and 
harmful pressure 
on the bearings with careless use of the wrench. 

Fig. 123 shows the Timken roller bearing as applied to the 
Franklin car. The part of the cut at right shows a correct adjust- 
ment, and the part at left, a faulty adjustment of this bearing. To 




Fig. 122. Bali-Bearing Front Hub. 
American Ball Company, Providence, R. !• 




Fig. 123. Timken Keller Bearing as Usetl in Franklin Car. 

be correct, tlie axle lock-nut A must be locked tight against the 
shoulder B on the spindle. When the nut is against this shoulder, 
the wheel must revolve freely without side play. In making the ad- 
justmenti if the wheel becomes tight before the nut shoulders* the 
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cone C is too long, and must be ground oflf on its face. If, after the 
nut A is screwed up tight against the shoulder, there is side play in 
the wheel, the cone C is too short; and the correct length must be 




Fig. 124. Hyatt Roller Bearing as Used in Transmission Case. 
Hyatt Roller Bearing Company, Harrison, N. J. 

made up by placing one or more thin metal washers between C 
and A, until the bearing has no side play, and the nut A is 

tight against the shoulder B. 

A bearing incorrectly adjusted, 
as shown in the left part of 
the cut, will act as follows: As 
the wheel revolves forward, fric- 
tion is exerted by the cone C upon 
the nut A, causing it to screw in 
toward the shoulder. This forces 
the cone C up on the spindle, and 
jams the rollers D so that they 
will break and thus destroy the 
bearing. 

Fig. 124 shows the Hyatt roller 
bearing as applied to a trans- 
mission gear case; and Fig. 125 shows a Hyatt standard shaft-box. 
Bearings of this type are very generally used in transmission cases and 
also in rear axles. They have the advantage of not requiring as 
much attention as plain bearings, in the way of lubrication; also the 
advantage of flexibility, enabling them at all times to present a bearing 




Fig. 126. Hyatt Standard Bushing 

Hyatt Roller Bearing Company, 

Harrison, N. J. 
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along the entire length, resulting in a unifonn distribution of load. Fig. 
126 shows an annular ball bearing; and Fig. 127 shows how annular ball 
bearings are used 



on the crank-shaft 
in the Corbin car. 
The annular type of 
ball bearing is dis- 
placing the plain 
ball bearing, as the 
caging of the balls 
results in a minimiz- 
ing of wear, mak- 
ing them bearings 
that do not require 
any adjustment. 




Fig. 138. Annular Ball Bearing. 

Silent Tyi)e with Cage Spacer. 

Standard Roller Bearing Company, Philadelphia, Pa. 



WHAT TO DO TO A NEW CAR 

The first thing to do is to see that oil is provided at all parts 
where one piece moves on another. Next remove the plug or screw 
top of water tank, insert a funnel, and fill with clean water. In 
freezing weather, some anti-freezing solution must be used. There 
are various such solutions on the market, some of them consisting 




Fig. 197. Annular Ball Bearings Applied to Crank-Shaft. 
Corbin Motor Vehicle Corporation, New Britain, Conn. 

of oils, and others mostly glycerine. In case there is a standpipe 
in the water line, with a cock at the top, open this cock to permit the 
entrained air to escape, being sure to close this cock again after the 
tank has been filled. 

In case of an air-cooled engine, the above instructions in regard 
to water are of course unnecessary. 

Next remove plug or screw-top from gasoline tank, insert a 
separate funnel, and fill with clean, fresh gasoline, straining it through 
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a screen or preferably a chamois skin in the funnel; then replace the 
gasoline and water-plugs or screw-tops, seeing that they are firmly 
but not too tightly fastened. 

See that the cock in the gasoline line leading from tank to car- 
bureter is opened, and try whether gasoline flows freely to carbureter 
by pressing down the primer until gasoline flows from the carbureter. 
If a motor has been stopped only a short time, it will not be neces- 
sary to make use of the primer. In fact it is undesirable to use the 
primer when the engine is still warm, as it is likely to give too rich 
a mixture, and such a mixture will not explode. 

See that all oil-cups are full, and that they are adjusted to feed 
approximately 15 drops per minute. 

See that the transmission is provided with a good supply of 
heavy oil. This will require attention about once a week. In cold 
weather a lighter oil will be required here than in warm weather. 

TO START THE ENGINE 

First, disengage the clutches. 

Second, put on the brakes. 

Third, open the throtde slightly. 

Fourth, turn the switch handle to the "On" position. 

Fifth, push the spark-lever away back to its point of greatest 
retardation or lateness. 

Sixth, when the engine is cool, it may sometimes be necessary 
to prime the carbureter slightly by lifting the carbureter float-needle. 
This is provided for in different ways in different cars and different 
carbureters. In some cases a rod is made to extend from the car- 
bureter to some convenient point, such as the floor or dash or side 
of the car, this rod being so arranged that by pushing it the float- 
valve of the carbureter is opened. Do not prime too much« as you 
are likely to get too much gasoline at the start; and the only remedy 
for this is the tiresome process of repeatedly cranking until all of the 
too rich mixture has been pumped through your engine. 

Seventii, turn the crank clockwise, pulling upwards widi a quick, 
sharp pull. Never push downward. The reason for this is that 
if the spark is accidentally advanced, the charge may explode before 
dead center, and kick backwards, resulting in the straining or break- 
ing of the operator's arm. 
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Make sure that spark lever is away back, that switch is turned 
on, and that you can hear the vibrator buzz every time the engine 
goes over compression. A weak battery will cause faint buzzing. 

Failure to Start. Should the engine not start at a few turns 
of the crank, it is of no use to work one's self tired keeping on crank- 
ing. It is best to see whether the batteries have been switched on, 
whether the gasoline is turned on, and if the ignition is at the right 
point. It may be that the carbureter is flooded, delivering too rich 
a mixture. In this case, considerable cranking will be necessary in 
order to empty the engine of the excess of gasoline, the supply being 
shut oflf during this cranking. 

Other possible causes of failure to start are a sooty spark-plug 
or dirty conmiutator. Note whether the spark-coil on the dash buzzes 
during the cranking. If so, it indicates that the ignition coil and 
connections are not at fault. More likely the reason will be that the 
spark-plugs are dirty or sooty. Remove the plugs, and insert new 
ones, which should always be kept on hand. The plugs removed 
can readily be cleaned and used in their turn for replacement, if 
the plugs in use become fouled. Excessive cold, or water in the 
gasoline, or faulty compression, are possible causes. 

The carbureter may be empty There may be dirt in the pipes 
or carbureter. Gasoline in the carbureter may be stale. Drain and 
clean the carbureter, and give it a charge of fresh gasoline. The 
valves may be gummy and need cleaning. For instructions regard- 
ing carbureters, see pages 55 and 61. 

The springs of the inlet valves may be too strong and may need 
loosening. For instructions in regard to valves, see page 56. 
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AUTOMOBILE MECHANISMS 

PART I 



VALVE GEARS 



Probably the most important thing about a four-cycle, gaso- 
line engine is the valve, or more correctly, are the valves, for the 
usual number is two per cylinder. The opening and closing of these 
control the functions of the engine, for if the valve does not open 
and allow a charge of gas to enter, how can the piston compress 
and the ignition system fire a charge? Similarly, if the exhaust 
valve is not opened and the burned gases allowed to escape, they 
will mingle with and dilute the fresh, incoming charge, possibly to 
the extent of making the latter into a non-combustible gas. This 
is purposely stated in this way because both methods mentioned 
have been utilized for governing the engine speed, although not to 
any great extent in automobile work. 

Cams. Granting, then, the necessity for proper means to 
regulate the inflow and outgo of the charge and consequent products 
of combusticm, as ^emplified by the valves, the nect most important 
part is the one which controb the movement of the valve, and is, 
therefore, essential to the success of the latter. This is what is known 
as a cam and in the usual case amounts to an extension of or projection 
from the so-called cam shaft. Inasmuch as the valve functions only 
come into play upon every other stroke of the crank shaft, this cam 
shaft is gear-driven from the crank shaft, so as to rotate at half the 
speed of the latter. This is very simply effected by having the 
cam gear twice as latge as the crank-shaft gear, that is, with twice 
as many teeth. As the same valve is never used for both the inlet 
and the exhaust, so the cams are seldom made to do more than the 
one thing, namely, operate one of the valves. From this has grown 
the custom of referring to them according to the function of the 
valve which they operate — inlet cam, exhaust cam, etc. 

In laying out or designing a set of cams for a gasoline engine, 

Copyright, mo, by Ammcan Schod of Corr99pond&ne$. 
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TABLE I 
Timing Res:ulation of a Number of Prominent French Motors 



10 

11 

12 
13 

14 

15 
16 
17 

18 
19 

20 

21 
22 
23 
24 
25 
26 

27 

28 
29 
30 

31 



OUBS 

Charron. — 20/30 h.p., 1908 , 
RossEL. — 40 h.p., 4 cylinders 
Greooire. — 10/14 h.p., 4 cyl- 
inders, 1908 

MoTOBLOC. — 24 h.p., 100/ 120 

1908 

Panhard-Lbvassor 

HoTcuKiBs. — 4 cylin. 95/100 
Cottin-Dbsqoutteb. — 18/22 

h.p 

Brouhot. — 12 h.p., 4 cylin- 
ders, 75/110 

CORNILLBAU - StB - BbUVB. 

20/30 h.p., 1908 

MuTEL. — 40 h.p., 1908 

Berliet. — 22 h.p., 1908 

Peugeot (Paris). — 18/24 h.p 

1908 

Labor. — 20/30 h.p 

Luc Court 

Brasier 

Peugeot (Beaulieu) 

Aster. — 9 h.p., 105/120 

ROCHET-SCUNEIDER. 24 h.p. 

100/120 

De Dion-Bouton. — 12 h.p., 4 

cylinders, 1908 

EUDELIN 

P'arcot.— 14 h.p.. 80/100 

Chenard-Waloker 

Darra(?q.— 10/12h.p.,lU0/12O 

Aries.— 14/18 h.p 

Vinot-Dkoitingand. — 12/ IH 

hp., 80/110 

Sultan. — 9/12 h.p., 4 cylin 

ders, 75/110 

Renault. — 8 h.p., 2 cylinders 
Unic— 20 h.p.. 75/110. . 

SiSAIRE ET NaUDIN. 15 h 

120/110 

Larrad Device 

Average 



of Ex- 
haust 


Inlet 


'.??," 


Open- 
ing 


Clos- 
ing 


vance 


55° 


20° 


var. 


44° 


0° 


— 


38° 


23° 


— 


53° 


0° 


— 


45° 


10° 





45° 


40° 


— 


44° 


33° 


— 


46* 


30° 


38° 


45° 


45° 


30° 


56° 


20° 


43° 


62° 


21° 


var. 


48° 


38° 


— 


58° 


18° 


38° 


51°20' 


0° 


var. 


45° 


0° 




45° 


25° 


34° 


51°30' 


68° 


31° 


40° 


40° 


var. 


40° 


20° 


20° 


45° 


45° 


30° 


36° 


20° 


var. 


36° 


10° 




36'' 


36° 


— 


4S^ 


30° 


21° 


58« 


44° 


20° 


30° 


15° 


27° 


r.s'' 


42° 


32° 


32*' 


26° 


3 3° 30' 


53" 


40° 


30" 


4 4° 


37° 


var. 


52" 


17° 


. — 


4G''20' 


26°15' 


— 



lAgOf 

Exh. 
Clos- 
ing 



0° 
0° 
0° 

— 0° 

5° 

0° 
10° 

8° 

0° 

6° 

28° 

9° 

0° 

0° 
15° 

0° 
20° 

0° 



0° 
4° 
2° 
0° 
0° 
13° 



14° 

10° 
10° 

0° 
22° 

5° 40' 





Rela- 


Lag of 


tion of 


Inlet 


Conn. 


Open- 


Rod to 


inT 


Radius 




Crank 


15° 


4.76 


1° 


4.55 


2° 


4.29 


5° 


4.18 


10° 


4.75 


0° 


4.5 


17° 


4.27 


15° 


4.15 


20° 


5 


20° 


4.62 


26° 


4.4 


17° 


4.5 


10° 


4.76 


0° 


4.18 


30° 


4.25 


7° 


4.5 


15° 


4.78 


0° 


4.3 


20° 


4.75 


0° 


4.7 


8° 


4.3 


6° 


4 


0° 


5.25 


0° 


4.5 


18° 


4.91 


15° 


4.54 


22'^ 


4 . 55 


23*^30' 


4 33 


34° 


4.5 


15^ 


5.25 


17" 




8"6' 





R.p.111. 
at Full 
Power 



1 000 

1 100 

1 100 

1 200 

1 200 

1 200 

1 300 

1 300 

1 300 

1 300 

1 300 

1 300 

1 300 



350 
400 
400 



1 400 

1 400 

1 450 

1 500 

1 500 

1 500 

1 500 

1 500 

1 600 

1 600 

1 650 

1 700 



The motors are arranged in this table in the order of their increasing speeds. The angles 
are figured in degrees, counting from the nearest dead center. *'Var." means that the 
point of ignition may be advanced or retarded by the driver. 

such as is used on an automobile, it is first necessary to decide upon 
the exact cycle upon which to operate the engine. By this is meant 
the exact length of time, as referred to the stroke, in which the valve 
action will take place. Upon this subject, designers all over the 
world differ, and no wonder, as this cycle can but be judged by 
results, for it is impossible to watch it as it transpires. Deductions 
differ, therefore, as to what happens, and consequently, as to the 
effect of various angles of beginning and ending of the valve actions. 
Tables of Valve Settings. Some time ago a table of the valve 
settings used by the foremost French car designers, was compiled 
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and is here given, Table I, as a basis of comparison with the valve 
data of American types, Table 11. In studying these tables, it should 
be borne in mind that all angles are spoken of in terms of the crank 
shaft, and are usually referred to the two dead centers, commonly 
spoken of as the wp'per dead center and the hwer dead center. 

Now, if the average of the numerous examples of good practice 
be taken, it is not a hard matter to explain the form of the cam and 



^4^/« from Di9g„9^ 




Fig. 1. Method of Laying Out Cams. 

its derivation. The height of the upper surface of the highest part 
of the cam above the surface upon which the valve actuating device 
normally rests, determines the lijt of the valve, which is the name 
given to the amount it is opened or lifted. This is not really the 
lift of the valve because of the fact that in all valve operating systems 
there is a certain amount of clearance between the lower end of the 
valve stem and the upper end of the valve lifter mechanism. This 
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clearance must be taken up by the cam before the valve itself is actually 
lifted, so, to obtain the true lift, the amount of the clearance is sub- 
tracted from the lift as determined by the cam height. Knowing this, 
designers usually predetermine the clearance and allow for it in the 
height of the cams. 

Cam Design. In order to lay out a set of cams, not only must 
the cycle be fixed, but the clearance as well. Fig. 1 shows the 
way to go about this; the size of the shaft is simply determined, and 
if other means fail, the empirical formula may be used: 

Cam shaft diameter = .625 D -- i" 
in which D is the clear diameter of the valve opening in inches. 

Having the cam-shaft diameter fixed, lay it out and about it 
circumscribe the cam thickness. This may be from one-eighth of 
an inch, upon very small, light-weight engines, to three-eighths inch 
on larger and heavier motors. Around this, in tium, describe an- 
other circle, distant from the cam surface a distance equal to the 
clearance. A fourth circle representing the height is shown only 
partly complete. 

From the cycle previously determined upon, the total angle 
of inlet valve opening, for instance, is found by simple addition and 
subtraction; thus, if the inlet is to open 10 degrees past the upper 
center and close 20 degrees past the lower center, this makes the 
valve remain open a total of 190 degrees upon the crank shaft. As 
the cam shaft turns but half as fast, and therefore but half as far in 
the same length of time, for the cam this angle will be halved, or 85 
degrees. Proceed to lay out half of this, or 42 J degrees, on each 
side of the vertical center line. A line forming this angle with the 
center line will intersect the line representing the clearance in a point 
Through this point draw a line which will be tangent to the circle 
representing the surface of the cam, and prolong it upwards to meet 
the upper circle. Drawing in a round comer completes the cam 
lay-out. By sketching in the cam roller the progression is shown. 
Fig. 2 illustrates the complete valve motion. This is an example 
taken from actual practice, being the valve action as used on the 
PiercerArrow engines, made by the Pierce-Arrow Motor Car Com- 
pany, Buffalo, N. Y. In the figure, A is the cam fixed on the cam 
shaft. As the latter rotates, and the higher part of the cam comes 
uppermost, the push rod B, the roller C of which bears on the face 
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of the cam, is constrained to rise. The rising is opposed by the valve 
spring F, which is compressed by the rising between the two collars, 




'Os^5^^^ 



Fig. 2. (Complete Valve Motion — Cam Shown at A. 
Pierce Arrow Motor Company, Buffalo, N. Y, 

one, G, being held in the valve stem E by the key or pin shown in 
section at H. The other, /, is fixed in the valve rod guide J, whose 
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function is to guide the valve upward in a straight line. The 
roller C is of hardened steel as is also the cam face, but despite this, 
wear occurs and when it does is likely to effect the lift of the valve. 
To take account of this and always give the same amount of lift 
to the valve, the push rod is fitted with an adjustment at its upper 
end. This, marked D in the figure, consists of a bolt threaded into 
the upper end of the push rod and having a hardened steel insert 





Fig. 3. Straight-Sided tur 
Ordinary Cam. 



Fig. 4. Lay-out for Uniform 
Acx'eleration Cam. 



in its central point of contact with the end of the valve stem. To 
retain the correct relation between the two, when it has once been 
obtained, a lock nut is utilized. While this is actually the exhaust 
valve, the same construction applies to the inlet valve mechanism, 
the parts of the two being interchangeable. This same line of reason- 
ing and this same method of procedure, when followed in the case 
of the exhavM cam, will result in giving it the correct shape. 

It has many times been tried and still more often urged that 
the straight surface of the side of the cam is not conducive to the 
best results, because of the fact that when the first straight portion 
of the cam surface strikes the cam roller it does so with so much 
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force that it tends to wear the latter in that direction. As for the 
receding face, it has been urged that the ordinary closing of the 
valve is too slow, and that the straight surface, as shown in Fig. 3, 
could be altered so as to allow of speeding up the downward move- 
ment of the valve. This idea works out into a curve, Fig. 4, the back 
of the surface being hollowed out so that as soon as the cam roller 
passes the center it drops vertically, due to the tension of the spring. 
This method has been tried but without success. 

What Qood Modem Practice Shows. A more modem wpy, 
which is fast becoming universal, is to use straight sides for the cams 
and take advantage of rapid closing in another way, the benefits of 
which more than offset the benefits of the old way, while having no 
corresponding disadvantages. In the ordinary automobile engine 
running at 1,000 revolutions per minute, the gases are traveling 
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Fig. 5. Power Curve of an English Engine with Superior Cams. 



into the cylinder at the rate of 5,000 to 6,000 feet per minute, and 
traveling out at from 7,000 to 10,000 feet per minute. At this tre- 
mendous speed, the gas inertia is very high, and experiments go to 
show that the gases by means of this inertia will continue to force 
their way into the cylinder even against the return motion of the 
piston. So it is now common practice to hold the inlet valve open 
about 20 degrees on the up-stroke of the piston, which results in a 
much larger piston charge. The same practice is carried out with 
the exhaust, but as the pressure is higher, so large an angle is not 
necessary. These actions take place on the 6acA:, flat side of the 
cam surface, and have given to the high-speed automobile engine 
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a larger charge and a more complete scavenging effect, resulting in 
more power and speed from the same sized cylinder. 

As proof of this statement, the power curve of an engine of 
but 4-inch diameter of cylinder is shown in Fig. 5. This size of four- 
cylinder engine would be rated by any formula at about 25 horse- 
power at the maximum speed, and a commercially obtainable type in 
this size would doubtless 
be guaranteed to deliver 
between 20 and 25 horse- 
power. This engine, 
built for racing purposes, 
displays a power curve 
which continuously rises, 
a speed at which it would 
turn downward not hav- 
ing been obtainable in the 
tests. This curve shows 
also that thte maximum 
power obtained was over 
70, which is nearly three 
times the power of the 
ordinary engine of this 
same size. This result 
is ascribable to superior 
valves and superior 
attention to the valve 
angles as governed by 
the cams. 

When it was stated that but two valves per cylinder were ordi- 
narily used, with one cam for each, the majority case was spoken of. 
But, as it is a fact that there are other cases which differ from this, 
it would not be fair to close the subject without mentioning them. 
Thus, the most prominent advocate of air cooling in this country 
and the world, the H. H. Franklin Manufacturing Company, uses 
three valves, and, consequently, three cams per cylinder. These 
three are: the ordinary inlet; the usual exhaust; and the additional 
auxiliary exhaust. As for the cams themselves, aside from their 
number, they do not differ from the ordinary. 




Fig. 6. Engine with Spring A, Doing Work of 0am. 
Formerly made by De Luxe Motor Car Company. 
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One Cam per Two Valves Influences the Shape. A case in which 
the cam does difler is that of the use of two overhead valves operated 
from a single cam shaft, Fig. 6. This practice originated with the 
F. I. A. 1'. Company, which brought it out for racing use only, 

where it was particularly 
useful in that it halved the 
weight of the cam shaft, 
as well as saved much 
weight in push rods, etc. 
Later, this was taken up 
by other firms for regular 
use, although the company 
which first brought it out 
has never done so. In our 
own country, the device was 
adopted by the Pope Toledo 
Company, the Stoddard-Day ton, De Luxe, and others. The 
work of opening the extra valve is done by a spring, i. e., a depres- 
sion in the back of the cam allow^s a strong spring to pull the push 
rod down, by which process the valve stem is depressed and the 
valve opened. In Fig. 7 may be seen a variation of this method, 
the one cam operating both valves but Ix^iiig placed alongside of 
instead of on top of the cylinder castings. Tliis form was used on 




\^9Am Sfmm Otii^ 
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Fig. 7. 



Valve Motion with One Cam Opening 
Both Valves. 
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Fig. 8. Cam Shaft and Chrome Nickel Steel Billet from Which It Was Made. 

the Oldsmobile first four-cylinder cars. Fig. 8 shows how the cams 
for an overhead cam shaft may be machined up in a single piece, a 
pair of shafts like the one shown constituting the cam shaft of a 
four-cylinder engine. These are bolted together, the holes in the 
flange being plainly discernible. This shaft is made of very high- 
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grade material and the method of making it in two pieces is resorted 
to in order to save as much of the material as possible. This method 
of procedure, of course, calls for a different treatment of the cam, 
for not only must the depression be put in its proper place, but it 
must be of the correct depth, and the point of its be^nning and 
ending must be correctly determined. 

When any kind of a cam-follower is used, differing from the 
usual direct lift push rod, as shown in Fig. 9, this may or may not 
affect the shape of the cam. Usually it does not, so that the shape 
does not have to be taken into account. Ordinarily these followers 




Fig. 9. Cam Design with Follower between Cam and Roller. 

are used to prevent side thrust on the push rod guide, the follower 
itself taking all the thrust and being so designed as to be readily 
removable or adjustable, to take care of this. In cases where this 
does not obtain, the object usually sought is the removal of noise. 
The two objects may be combined as in the case shown in Fig. 10. 
This represents the cam and valve action of the famous one-cylinder 
French car, Peugeot, The enlarged view of the cam mechanism is 
added to the illustration to make clear the action, which is that 
of one cam operating both the exhaust and the inlet valves through 
tlie medium of a pair of levers, upon which the cam works alternately. 
It sometimes happens that the same maker does not use the same 
cam shapes upon all of his engines, although what is good practice in 
one case, would certainly appear to be good practice in another. That 
this does not hold is shown by Fig. 11 and Fig. 12, which illustrate 
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the practice of the Maxwell-Briscoe Motor Car Company, previously 
referred to. Fig. 13 shows a double form of cam used to facilitate 
starting. 

Edfficulti^s Met with in Making Cams. Time was when the 
production of a good, accurate cam shaft was a big job in any machine 




Fig. 10. Peugeot (French), Single-Cylinder Engine 

shop, well-equipped or otherwise, and represented the expenditure 
of much money in jigs, tools, and fixtures. Now, however, the 
machine-tool builder has come to the rescue of the automobile manu- 
facturer, and special tools have made the work easy. So it was with 
the production of the shaft with integral cams; this used to be a big 
undertaking, but today, special machinery has made it an easy 
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matter. The illustration, Fig. 14, shows a cam milling machine, and 
Fig. 15 and Fig. 16, some of its product. This is now the favored 
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Pig. 11. Maxwell Cams. 
Maxteell- Briscoe Motor Car Company, Tarrytoumt N. Y 



way of putting out engines, for the integral cams and shaft have the 
advantage of much lower first cost, and with proper hardening. 



fn^foncf Exhaust 





MODEL Z 



Fig. 12. Maxwell Inlet and 
Exhaust Cams. 



Compn 



Fig. 13. Double Cam for Easy 
Starting. 



will last fully as long as those made by cutting the cams separately 
and assembling them in their proper position on the shaft 
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Old Way Required More Accurate Inspection. With the old 
method of making the cams and shaft separate, the amount of in- 
spection work'Was very great and represented a large total expense 
in the cost of the car. Thus, it was necessary to prove up every cam 
separately, as well as every shaft, and later, the cams and shaft 




Fig. 14. MilUng Machine for Making Cam Shafts with Integral Cams. 

assembled. One of the forms of gauges used for inspecting cams 
is shown in Fig. 17. It is in two pieces, dovetaile<l together. This 
allows of the testing of many shapes of cam with but one base piece 
and a number of upper or profile pieces ecjual to tlie number of differ- 
ent cams to be tested. To test, the cam is slipped into the opening, 
and if small, the set screw forces it up into the formed part of the 
gauge, showing its deficiencies; while if large, it will not enter the 
form. 
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Sliding Sleeve. A metluKl of avoiding cams and with it all 
cam troubles, is the use of a sliding sleeve in place of a valve, slots 
in the sleeve corresponding to the usual valve openings, both as to 




Cams Integral with Shaft— Milling Machine Job. 



area and timing. The sleeves may be operated by means of eccen- 
trics, or by various lever motions. An additional way is the direct 
drive by means of a gear, a worm and gear being used for the pur- 
pose. An example of the application of this to a French two-cycle 



Fig. 16. Another Cam Shaft with Integral Cams. 

engine is sho\ni in Fig. 18, although there is nothing in its construc- 
tion which would prevent its use on the more usual four-cycle engine, 
In this figure, P is the usual crank shaft, Q the large end of the 
connecting rod K, while A is the piston and R the crank case, no one 
of these difTering from those in other engines. On the crank shaft there 
is a large gear F, which drives a smaller gear E, located on a longi- 
tudinal shaft alx)ve and outside of the crank case. On this shaft is 
located a worm gear D, which 
meshes with a worm C formed 
integral with the sleeve surround- 
ing the piston B. Aside from 
this worm gear, the sleeve is 
perfectly cylindrical, being open 
at both ends. It is placed out- 
side of the piston between that 
and the cylinder walls. At its 
upper end, it has a number of 
ports or slots cut through it, which 
are correctly located vertically 
to register or coincide with 




English Gam Gauge. 



the port openings in the cylinder walls, when the sleeve is rotated. 
At His seen one of these — the exhaust — ^while 90 degrees around from 
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Fig. 18. Section throiigh Ledru (French) Camless Engine. 
The Rotary Gear-Driven Sleeve Displaces All Cams. 
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it and hence invisible in this figure, is a similar port for the inlet. 
As the crank shaft rotates, the side shaft carrying the worm is con- 
strained to turn also. This turns the worm which rotates the worm 
wheel and with it, the sleeve. Thus, the openings in the sleeve are 
brought around to the proper openings in the cylinder, and the com- 
bustion chamber is supplied with fresh gas, and the burned gasse 
carried away at the correct time in the cycle of operations. 

With a motor of this sort, the greatest question is that of lubri- 
cation. The manner in which it is effected in this case, is by means 
of the large wide spiral grooves shown at 0, and the smaller cir- 
cular grooves at the upper end M, This problem is also rendered 
more easy of solution by the machining of the sleeve, as during this 
operation, much metal is cut away along the sides, so that the sleeve 
does not bear against the cylinder walls along its whole length, but 
only for a short length at the top and a still shorter length at the 
bottom. 

The same result is accomplished in a slightly different manner 
by the use of a combination of eccentrics and levers, as is indicated 
in Fig. 19, showing the idea of a New York inventor, Osbom. This 
scheme places upon the usual cam gear an eccentric pin, upon which 
is located an eccentric rod or lever A. The latter is pivoted at its 
lower end to a pin 5, which pin is a part of a sliding member C, 
carrying upon its upper part a piston rod E. This slide reciprocates, 
according to the impulse imparted to it by the eccentric A, being 
guided by the slides D, which are fixed to the side of the crank case. 

Upon the upper end of the piston rod E, is fixed a piston F, 
and slidably mounted around the whole is another piston valve J. 
The former b alwaj's moved by the rod, while the latter is only moved 
upward by the collar at 7, its downward motion being produced by 
a spring, not shown. G is the combustion chamber into which it is 
desired to lead the fuel mixture, and out of which the exhaust gases 
must afterwards be taken through the exhaust pipe H. K is the 
inlet pipe, L L are the inlet ports, and M is the exhaust port. Un- 
fortunately, this drawing shows the piston at the top of its move- 
ment, which would be more clear were it at the bottom. On the 
down stroke of the inner piston, moved positively by the eccentric, 
the exhaust gases rush down and out. On the same stroke, the 
inflowing gas filb the passage around the outside of this, so that 



liSl 

Digitized by 



Google 



18 



AUTOMOBILE MECHANISMS 



when the exhaust stroke is completed, and the piston has risen so 
as to uncover the lower edge of the port through the walls O, the 




Fig. 19. Osbom Valve Motion without Gams. 

gases are free to rush in, impelled by the suction of the motor piston. 
In the meantime, the rising outside sleeve has covered the exhaust 
port My so that none of the mixture may escape to the outside air. 
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Much publicity has been given of late to the product of a Chicago 
man, Knight by name. In this, a regular four-cylinder, four-oyde 
engine, the valves consist of a pair of concentric sleeves, openings in 
the two performing the 



recjuisite functions of 
valves in the proper 
order. These sleeves, as 
Fig. 20 shows, are actu- 
ated from a regular cam 
shaft — running at half 
the crank-shaft speed 
and driven by a silent 
chain — by means of a 
series of eccentrics and 
connecting rods. In the 
figure, ^ is the inner 
and longer sleeve carry- 
ing at its lower end the 
groove or projection C, 
around and into which 
the collar actuating the 
sleeve is fixed. This 
collar is attached to the 
eccentric rod E, which 
is driven by the eccentric 
shaft shown. The collar 
D performs a similar 
function for the outer 
sleeve B. 

At the upper ends 
of both sleeves, slots G 
are cut through to serve 
as connection between 
the inside and the outside. 
These slots are so sized 
and located as to be 
brought into correct relations to one another and to the ports in the 
cylinder walls, exhaust at // and inlet at 7, in the course of the stroke. 




Fig. 30. Knight Engine. Eooentrics and Sleeves 
Replacing Cams and Valves. 
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While at first tliouglit. this engine might be considered as lack- 
ing in power from the fact that the sliding sleeves would eat up 
more power in internal friction than would otherwise be gained, the 
fact remains that a very severe and unusually thorough test of an 
engine of this type, made by the Royal Automobile Club of England, 
an unbiased body, proved that for its size, the power output was 
greater than many engines of the regulation tj^e. Moreover, the 
amount of lubricating oil was small, just the contrary of what would 
be supposed. 

This test was unusually severe and resulted as shown by Table III. 

TABLB III 
Royal Automobile Club's Committee Report on Knis^ht Engine 

Motor horse-power— R. A. C 38 .4 22 .85 

Bore and stroke 124 by 130 96 by 130 

Minimum horse-power allowed 50 .8 35 .3 

Speed on bench test 1200 R. P. M. 1400 R. P. M. 

Car weight on track 3805 pounds 3332 .5 pounds 

Car weight on road 4085 pounds 3612 .5 pounds 

Duration bench test 134 hours 15 min. 132 hours 58 min. 

Penalized stops None None 

Non-penalized stops Five — 116 min. Two — 17 min. 

Light load periods 19 minutes 41 minutes 

Average horse-power 54 .3 38 .83 

Final bench test 5 hours 1 5 min 5 hours 2 min. 

Penalized stops None None 

Light load periods 15 minutes 1 minute 

Average horse-power 57 .25 38 .96 

Mileage on track 1930 .5 1914 .1 

Mileage on road 229 229 

Total time on track 45 hours 32 min. 45 hours 42 min. 

Average track speed 42.4 M. P. H. 41 .8 M. P. H. 

{First bench .679 pt. .739 pt. 

Test 613 1b. .668 lb. 

Final bench .599 pt. .749 pt. 

Test 541 lb. .677 lb. 

CarmUespergaUon {^ll^^- f.H ^Ut 

Ton miles per gallon J On track ... 34 .94 33 .37 

J On road .... 35.97 31.19 

After the test was concluded, the sleeves, Fig. 21, were found 
to still show the original marks of the lathe tool. This proved con- 
clusively that the principle of this t}T)e was right, for the tests were 
equivalent to an ordinary season's running. 

In Fig. 21, the sleeves are marked with the same letters as in 
Fig. 20. A being the inner and noticeably longer one, while B is 
the outer and shorter one. At C and D, the attaching collars and 
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the pins on which the connecting rods are attached may be seen, 
while atGG are shown the slots which serve as valve ports. J J are 
oil grooves for the purpose of carrying oil around the sleeves, and 
thus rendering their movement up and down easy. 

The inventor of this last-named form of engine had it in mind 
to bring out an engine that would be economical of fuel and in this 
way reduce the cost of upkeep. As to its fuel economy, only time 
can tell that, but the design is such as to require a regular carbureter 




Fig. 21. Sleeves Which Replaced Valves on Knight Engine. After 
137-Hour Bench Test and 2,200 Miles on the Road. 



and fuel vaporizing system just as other engines do. This fuel 
vaporization problem is one which has agitated automobile men ever 
since the time of Benz, Daimler, and other pioneers. Their first 
problem was one of carburetion, and today manufacturers argue 
over the best type and form of mechanism to do the same work, 
some stating that it is better to buy from a carbureter specialist, 
while an equal number maintain that it is better to make it them- 
selves and after their own ideas. 
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CARBURETERS 

Classified according to structure, operation, and principle, all 
fuel vaporizing devices may be divided into three main classes, which 
are as follows : 

1. The surface carbureter. 

2. The ebullition or filtering carbureter. 

3. The float feed or spraying carbureter. 

As most of the modem devices come in the last-named class, 
it will be sufficient to speak of the other two briefly. The early 

devices were mainly of the surface 
type, in which the air passed over 
the surface of a body of fuel, pick- 
ing up some of it. Fig. 22. Another 
early form circulated the air 
around gauze, wicking, or other 
surface saturated with fuel. Fig. 
23. Benz used a vaporizing 
device of this sort in his earlier 
machines. Both of these methods 
are in use today, but in combina- 
tion, and not as the sole source 
of gas. 

Another very old device is 
called the ebullition or filtering 
carbureter. In this, air was forced through a body of liquid, which 
entered at the bottom and in its passage to the top absorbed small 
particles of the fuel. Daimler began with this style, but later aban- 
doned it in favor of the Maybach float-feed spraying arrangement, 
which was the prototype of the form now in prevailing use. The 
filtering scheme is, however, still used. 

A fourth, and the mast common, basis of operation, is the 
spraying or atomizing of the liquid through a very fine nozzle, the 
vapor being picked up by the inrushing air. The first of this type, 
the Maybach, Fig. 24, was remarkable, in comparison with its modem 
successor, principally for its simplicity. There was a float, con- 
trolled by the amount of liquid, and a nozzle. The air entered around 
the nozzle and, mixing with the fine spray of fuel in a chamber directly 
above the cylinder, was drawn from there into thecombustion chamber. 




Fig. 32. Orlgrinal De Dion Surface 
Carbureter. 
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Fig. 23. Wick Vaporizing Device. 



Although simple, it was also crude and the heat from the cylinder 

doubtless had much to do with its success. The nozzle was large, 

as such sizes go today, but in spite of all these defects it worked, and 

worked better than anything that preceded it. 

Defects in the Original Are Not Found in Modern Types. The 

original carbureter had no adjustment; the opening in the casting 

measured the amount of 

air; the size of the nozzle 

measured the amount of 

the fuel and the fineness 

of the spray. There 

was no means of regrind- 

ing the float valve, and 

thus no way of assuring 

an even and continuous 

flow of fuel. The 

modem adjuncts of the 

original Maybach device 

consist of remedies for 

these defects, and, 

in addition, a proper means of balancing and adjusting the float. 
To pick out a modem carbureter at randoin, take the one shown 

in Fig. 25. Like its ancestor, this has a gasoline chamber uito 

which the fuel is admitted by the action of a float, first passing through 

a strainer. From the 
float chamber the liquid 
passes up to and through 
the spraying nozzle. The 
weight of the float is so 
calculated that the level 
in the final nozzle is just 
1 millimeter (0.04 inch) 
below the top. This in- 
sures that there will 
always be fuel there for 
the air suction to draw 

oflT. As the chemical action of changing a substance from a liquid 

to a gas is usually accompanied by the absorption of heat it is 




Pig. 24. Original Maybach Carbureter. 
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Fig. 25. American Carbureter with Venturi Shaped Mixing Chamber. 
Stromberg Motor Devices Company, Chicago ^ III. 
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advisable to supply a reasonable proportion of this and thus 
assist the change of form. In the older Maybach, this was in- 
advertently done by placing the whole apparatus in close contact 
with the hot cylinder. 
In the modem carbu- 
reter, placed some dis- 
tance from the heated 
portions of the engine, 
this additional heat is 
supplied by the jacket 
water. An alternate 
scheme is to preheat the 
air supply by a special 
pipe from the exhaust 
manifold. 

From this mixing 
chamber the mixture of 
air and gasoline vapor 
passes upward into a 
secondary mixing cham- 
ber. This communicates 
with the inlet pipe 
through the medium of 
the throttle valve. 
Into the latter chamber, the auxiliary air supply (when used) has 
access through the auxiliary air valve. This comes into action on 
very high speeds when the engine is pulling very strongly, for which 




Fig. 26. Gillett-Lehmann Carbureter. 




Pig. 27. GiUett-: 



Throttle. 



the proportion of gasoline to air is liable to be too large, so the auxiliary 
opens, admits more air, and thus dilutes the mixture. 

Another form of carbureter which embodies many novel ideas 
is illustrated in Fig. 26 and shown in detail in Fig. 27. In the former. 
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A is the casing of the tlirottle valve, which is the principal feature of 
this device. B is the inner end of the throttle valve shaft, while 
C is the flanged pipe for attachment to the inlet to enguie. F is the 
float chamber, not different from the ordinary one, while within it, 
the float G, hollow metal, works up and down just as do hundreds 
of others. 

In Fig. 27, however, the throttle valve is shown in its casing, 
one side being cut away for the sake of clearness. In this D is the 
throttle and E the end of the shaft, while C indicates the same 
flanged connection as before. The throttle D has a spiral exterior, 
and being set into a circular hole, of which just the tip of 
the spiral is a close fit, there is always an opening around the outside 
of it and between it and the casing. The air enters at the center of 
the bottom, around the gasoline spray nozzle. In one side of the 
throttle is cut a slot of varying width, the ends being straight for a 
very short distance and of a width just equal to the size of the gaso- 
line nozzle. In the extreme left-hand view the throttle is removed 
from the casing, showing the slot F; while in the second view, the 
throttle is placed in the casing, but so turned that the passage to the 
engine is cut off. Air may enter as well as gasoline, the nozzle pro- 
jecting through the small end of the slot at the bottom. 

With a quarter rotation to the right, as shown in the third view, 
a slight opening is formed at the top so that the mixture may l)e 
drawn into the cylinders in small quantities, the nozzle being en- 
tirely opened and uncovered. In the fourth view, an additional turn 
has brought the spiral exterior of the throttle valve around to such 
a point as to leave the maximum possible opening between itself 
and the casing at the top. This, then, is the full opening, both 
gasoline and air openings being also wide open. Turning a Uttle 
further leaves the outlet about as large as before, but restricts the 
gasoline spray, leaving the air unchanged. This latter is the position 
which would be assumed for full speed on a level road, the over- 
rich mixture being detrimental in this case. 

Throttle Valves in General. Whatever the character of the 
mixture in the carbureter, it is admitted to the cylinder by the throttle 
valve, which may take the form known as the butterfly. This is a 
flat piece of sheet metal, preferably brass, attached to a suitable 
shaft with an operating lever on the external end. Not all throttles, 
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Fig. 28. Oarbureter and Inlet Pipe of Gaggenau (Oennan) Commercial Vehicles. 
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however, are of the butterfly type, there being fully as many of the 
piston type. This consists of a cylindrical ring or shell of metal, 
which is free to slide in a corresponding cylindrical chamber. In 
the walls of the latter are a number of apertures or ports which the 
longitudinal movement of the piston either uncovers or covers as 
the case may be. Sometimes to facilitate this action, the sides of 
the piston are grooved or notched, but this does not alter the prin- 
ciple of sliding a cylinder within another cylinder to cover or uncover 
certain ports in the cylinder walls. This form of throtde is used 
and advocated by such prominent firms as Napier, Panhard, Krebs, 
and other equally famous constructors. 

Floats. Another feature of the earlier forms of carbureters, 
which was soon found to be in need of a change, was the arrange- 
ment of the float. In Maybach's original vaporizer, there was no 
means of balancing the float; consequently, there was no way of pre- 
venting wrenching and 
breaking of the needle 
valve spindle. As this 
disarranged the gasoline 
supply, it was very im- 
portant and received 
early attention. In ad- 
dition, there was the 
necessity for reliable 
devices to regulate 
the supply of air and 
gasoline spray from the 
nozzle, either by original adjustment or by means of a governor or 
else effecting by hand a constant variation to meet constantly varying 
conditions of engine demands. 

These additions to the original form caused some trouble. 
The ordinary way of managing the balancing of the float, while it 
may be the cause of trouble at times, is a very simple one. The 
float is of exceeding lightness, whether made of cork or metal. With 
the in-flow of gasoline in liquid form this float rises and in so 
doing it strikes against a pair of small pivoted levers hear the top of 
the float chamber, Fig. 28; the other ends of both of these rest upon 
a form of shifting collar on the needle valve stem. So, when the 




Fig. 29. 



Pfaoenix-Daimler (French) Conical 
Spray Interceptor. 
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float rises above a certain level, it automatically shuts off the flow of 
gasoline, by pressing against the pivoted levers, which, in turn, act 
against the stem and press it down until the flow is cut off. The 
float will stay up until the suction of the engine has lowered the gaso- 
line level so that the dropping of the float releases the levers which 
raise the needle valve off of its seat. The gasoline flow is thus 
automatically regulated by this balanced float arrangement. 

Adjustment of Air Supply and Gi^line. Probably no one detail 
of the whole list of carbureter parts has caused and still does cause 
more difference of opinion than the source of. and adjustment of the 
air supply, and its companion, the adjustment of the gasoline spray. 
The latter drew attention long before the former did; in fact, the 
former is more of a modem appliance. The fuel spray was inves- 
tigated long ago; thus, in the Phoenix-Daimler, Fig. 29, the gaso- 
line spray had no adjustment, but the size and location of the level 
of the nozzle were fixed. The spray itself, however, received special 
treatment, being projected against a conical spray deflector, which 
served to break up the column into finer and more diffused particles. 
In this way, greater vaporizing action was gained. 

Longuemare, the famous French carbureter expert, had a differ- 
ent method. Fig. 30, which consisted in dividing the spray, before 
the air struck it, into a circular column of finely divided particles. 
These were then easily picked up by the incoming air, which in its 
upward passage was further diluted by the addition of more air. 
The latter was added at a point where the carbureted gas was obliged 
to turn a right angle, at which any remaining particles of pure gas 
would have been thrown off by centrifugal force. The down-coming 
stream of extra air met these particles and by carrjdng them along 
prevented what would otherwise have been a waste of fuel. This 
carbureter has long been noted for its fuel economy. 

In Fig. 30, ^ is the float chamber, containing the hollow metal 
float B, Gasoline enters from below, I being the gasoline pipe con- 
nection, J the drain cock, and H the gasoline chamber with the 
needle valve at the top. At the top of the float chamber the small 
lever for priming may be seen at E, while C is the removable cover, 
with the bushing D covering the end of the needle valve shaft. The 
gasoline flows across the horizontal passage to the vertical one, in 
which the spray nozzle is located. This spray is formed by the fuel 
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passing through the small orifice formed between the restricted upper 
part of the vertical passage and the point of the needle L. Just above 
this, so that the spray impinges upon it, is placed an inverted cone, 
which deflects the gasoline spray down again and outward through 
short horizontal apertures M. Around these openings is placed a 
hollow cylindrical shell N open at the top and with holes K in 
the bottom. The air rushes in through these latter, and picking up 
the gasoline spray, passes along out of the top of the cylinder, being 
augmented outside by additional air rising around the outside of the 
cylindrical shell N. The mixture then passes upward through the 
diaphragm filled with holes 0, and thence into the pipe to the cylin- 
ders Y. X is the air inlet. The auxiliary air enters at the top, its 
entrance being controlled by the balance established between the 
weight with two arms d d and the central spring. The two small 
openings e e indicate the location of the auxiliary air pipe, while 
V is the water jacket — at the time this particular model was brought 
out, however, it was used as a hot-air jacket, instead of the more 
modem hot water. The lever S controls the amount of mixture 
admitted, while the hand wheel / governs the adjustment of the 
needle Z. In the right-hand comer of Fig. 30, the King carbureter 
is shown. This was an American copy of the Longuemare, but made 
under license. 

So, too, this same make is noted for being among the first to 
use a water jacket around the vaporizing chamber. The conversion 
X)f a liquid into a gas is an endothermic reaction and requires heat 
for its completion. If this be not supplied by extemal means, it 
will be extracted from surrounding objects. This accounts for the 
frost which gathers on the outside of the mixing chamber of car- 
bureters which do not have a water jacket or other source of heat 
supply. The heat is abstracted from the air so rapidly that the 
moisture in the air is frozen, appearing as frost on the outside of the 
carbureter. 

As for an auxiliary air valve, this has always been a source of 
discussion, its opponents claiming that it means extra parts, and 
therefore more adjustments and more sources of trouble; while those 
favoring it say that without some additional means of this sort for 
diluting the mixture at high speeds, it is impossible to mn the en- 
gine fast, as high speed will then mean an over-rich charge. Be that 
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as it may, the fact remains that the weight of opinion lies with the 
auxiliary valve. 

Usual Form of Auxiliary Air Inlet Valve. The auxiliary air 
inlet usually consists of a simple valve opening inward, held in its 
place by a spring of a certain known tension. The strength of the 
spring is carefully determined so that at the proper moment, when 
the motor requires more air in proportion to the amount of gasoline 
used, the valve will open just enough to allow the required amount 
of air to enter. It will be seen that the time and the amount of 
opening will be controlled by the speed of the engine, i. e,, by the 
amount of suction produced by the movement of the piston in the 
cylinder. Of course, as the engine speeds up, there is a greater 

piston displacement to be filled 
per minute, and therefore it is 
necessary to supply a greater 
amount of mixture. Upon 
changing speed suddenly from, 
say, 500 revolutions to 900 or 
1,000, the carbureter not having 
this device will 7iot give a uni- 
form mixture immediately, and, 
in fact, it might require a new 
adjustment of the gasoline flow 
in order to supply the right 
amount of fuel. WTiat the auxil- 
iary air inlet actually does, then, 
is to automatically control above 
a certain point the amount of air 
admitted, thereby always main- 
taining a homogeneous mixture. 
In order to prevent any chattering of the valve or rapid changes 
in the air supply, a diaphragm or dashpot is sometimes used in 
connection with the valve. Fig. 31 and Fig. 32 show tj'pes where the 
former method is used. Fig. 33 is an example of the latter. 

In Fig. 31, instead of using a regular valve, a piston valve is in- 
troduced which, however, accomplishes the same result in a slightly 
different way. This carbureter and its action will be rendered more 
clear by a little explanation. Referring to Fig. 31, the diaphragm A 




Fir. 31. Diaphracrm to Control Auxiliary 
Air Admission. 



166 



Digitized by 



Goo^^ 



AUTOMOBILE MECHANISMS 



33 



is mounted upon the top of the stem B, which carries, further down, 
the piston throttle C. This is open at the top end, but near the bottom 
has a partition E across it. The top edge of the throttle has notches 
cut in it of triangular shape, ^\^len the motor demands are such as 
to cause a partial vacuum in the center of the carbureter, the flexible 
metal diaphragm will give a little, allowing the piston throttle to 
come down slightly. This puts the lower ends of the notches into 
communication with the annular spaces D in the walls, so that air 




Fig. 32. Stx-t ion ami View of Carbureter Showing Diaphragm. 
Chadwick Engineering Works, Pottstown, Pa, 

may enter at the top, pass through the notches, into the annular 
spaces, into the mixing chamber, and thence to the cylinders with 
the mixture. This action is resisted and restricted by the spring F. 
In Fig. 33, 5 is a short piston formed on the lower end of the 
throttle valve stem C. This piston works up and down with the 
motion of the throttle, its action being opposed by the immobility 
of the liquid placed in the dashpot A, This quality of liquids pre^ 
vents sudden changes in the fuel supply to the engine, which changes 
are not desirable — a sudden increase of mixture, for instance, caus- 
ing racing, while an equally sudden decrease will stall the engine. 
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To obviate any diflBculties which might arise from the use of several 
difJerent liquids, the gasoline itself is used as the liquid for the dash- 
pot, the by-pass at the right leading it into the dashpot. In all 
other particulars the carbureter follows standard practice. 

An ingenious method adopted by the makers of the G. & A. 
(short for Grouvelle & Arquembourg) carbureter avoids the prin- 
cipal argument against the auxiliary valve. In this device, shown 
in Fig. 34, a row. of steel balls A A are set into as many holes in the 

ball casing B, which conmiu- 
nicate with the outer air on 
the lower side. The balls 
are free to rise vertically and 
are of varying sizes from an 
eighth inch to about three- 
eighths inch in diameter. 
As the engine speeds up and 
draws on the mixture 
chamber, the lighter and 
smaller balls are lifted off of 
their seats, admitting a small 
amount of air. With greater 
speed and consequently 
greater draft, larger and 
larger sized balls are lifted, 
admitting more and more air. 
There are no springs to 
bother with and no adjust- 
ments, the number and size 
of the balls, fixed by the 
manufacturer, being equiva- 
lent to this. The expense of making the carbureter may be less- 
ened by incorporating in it the inlet pipe. This is frequently done 
in European cars, as shown by the German carbureter Wildi, 
Fig. 35. This form uses the piston throttle but the movement is in 
a vertical direction, contrary to that of all others shown. This is due 
in part to its being an integral part of the inlet pipe. 

This throttle valve A is located on the lower end of the throttle 
stem B, to which is connected the operating levers. The piston throtde 




Fig. 33. Daiihpot to Regulate Air Supply. 
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A has a row of lai^e holes near the top, through which the mixture 
passes when the throttle is raised suflBciently to permit this. A still 
further upward movement uncovers additional air holes through 
the exterior casing C of the carbureter. The remaining actions of 
the device either are self-evident or follow standard lines. The 
heating of the gasoline previous to vaporization by means of the 

circulation of the exhaust gases 
around the fuel chamber at the 
bottom, will be noticed. 

Of course, like every other 
part of the action of a carbureter, 
the spra\ing action and the shape 
or size of the chamber in which 
it takes place, have been the sub- 
ject of much debate. Originally, 
the chamber took any convenient 
shape and varied all the way from 
a perfectly plain cylindrical shape 
to an equally perfect square, 
with all of the possible variations 
in l)etween. About two years 
ago, however, scientists began to 
look into the vaporizing and 
equally important measuring 
action of carbureters, with the 
result that a new shape came into 
use, which was based upon a 
scientific principle. 
This is the principle of the 
Venturi meter used for measuring the flow of water, and from its 
use, the tube, or chamber, having this shape has come to be known 
as a Venturi tube. In shape, this consists of tw^o cone-shaped tubes 
diverging in opposite directions from a common point, which in the 
water meter is the point of measurement and in the carbureter is the 
point of location of the spray nozzle. The principle is that if these 
two frustums of cones are of the proper shape, i. e., include the 
proper angle, and are correctly set with relation to one another, 
the flow of air and gas will be in correct proportion to each other at 




Fig. 35. WUdI (German) Carburetor. 
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all speeds, assuming first that the air enters at the bottom of the 
tube having the greater angle. 

Venturi Tube Type. As bearing out the principle of this type 
of vaporizing chamber, it might be said that the majority of car- 
bureters in use today have incorporated it in one form or another, 
as seen in Fig. 36, Fig. 39, Fig. 41, Fig. 42, and Fig. 45. Many, 
make the upper tube conical for a very short distance, beyond which 
'it assumes a cylindrical form. In the true Venturi shape, the usual 
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Fig. 36. Oakland Carbureter. 

angle at the bottom is 30 degrees, while that at the top is 5 degrees. 
In water meters the contracted area is made one-ninth tliat of the 
pipe. This same relation, although not exact, holds in the case of 
the carbureter. Since the area varies as the square of the diameter, 
this is equivalent to saying that the diameter of the contracted pipe 
should be one-third that of the full-sized pipe. 

Examples from Up-to-Date Practice. As havmg much bearing 
upon the subject and being more to the point than random theorizing, 
look at some examples of modem carbureter practice as shown in 
the section of the De Dion carbureter. Fig. 37 and Fig. 38. These 
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illustrations show a number of interesting small points, close attention 
to which have made the French the foremost automobile constructors. 

Of these two views, 
Fig. 37 shows the car- 
bureter, while Fig. 38 
shows the throttle 
chamber located higher 
up in the inlet pipe, 
and very close to the 
cylinders. In Fig. 37, 
the gasoline enters 
through the pipe A, 
passes through the gauze 
strainer /, through the 
needle valve into the 
float chamber, thence, 
through B into the pool 
C, From this a vertical 
pipe D rises to the spray 
nozzle E. Air enters at 
the base through the holes G, passing upward around the stand- 
pipe D, vaporizing the liquid at the top of the latter, and passing 
on through the pipe H to the engine. Before it can do this, how- 
ever, it must pass through the throttle, shown in Fig. 38. In 
this, H is the mixture 
pipe as before, this 
reaching a throttle valve 
J of the piston type, 
in the walls of the open 
end of which are holes 
K through w^hich the 
mixture enters. When 
w^ithdrawn sufficiently 
to the left, the end of 
the piston clears the edge 




Fig. 37. 



De Dion Carbureter Showing Strainer 
and Fioat Chamber. 
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Fig. 38. 



Details of De Dion ThrotUe and Spring 
Tension Adjuster. 



of the mixture pipe, so that the mixture may then pass directly into 
it instead of passing through the holes. L is the connection to 
the cylinders through which all gas mixture ultimately passes. 
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In this chamber more air is added. This enters by the ports 
M, and through the valve N. The action of the latter is controlled 
by the spring O, which may be adjusted to any desired tension by 
means of the movable slide P. Since this has a tapered end, moving 
it in raises the stem, compresses the spring, and renders the auxiliary 
air valve more difficult to open. Consequently less air may enter. 
Drawing the wedge-shaped end outward has just the opposite effect. 




Fig. 39. Steam's Two-Jet Carbureter. 

On the other hand, this country may lay claim to much in- 
genuity in working out desired ends. Thus, the carbureter in 
Fig. 40, a Detroit product, shows one attempt to perfect the vapor- 
izing action of the air passing over the liquid fuel. This is done by 
making the passages through which the fuel passes upward, into 
a series of radial chambers, large in number and each one small in 
size. Air enters these from below and through the large ratio of air 
surface to fuel surface, the vaporizing effect is very good. 
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Gasoline enters at A, passes up into the float chamber B, thence 
through the passage C, into the standpipe E, Air enters at G rising 
around the standpipe and vaporizing the gasoHne spray at the cham- 
ber H, above the spray nozzle F, Additional air enters at / passing 
through a series of radial vanes to the common center, the chamber 
//. From there the carbureted air passes through the pipe K to the 
cylinders. L is the adjustment for the needle valve F. 





Fig. 40. Watts— Detroit Carbureter. 
Left-hand Figure-Section Through XX, 



One of the foremost English 
firms, the makers of the Siddeley 
cur, have been steadfast advocates 
of the two-cylinder, horizontal, 
opposed engine. For this form, 
they have developed an unusual 
and very efficient carburetion system. 
This, as shown by Fig. 43 and Fig. 
44, differs from the ordinary case 
in having a peculiarly shaped auxiliary air valve, and in the method 
of operating this and the vertical piston throttle valve. 

To explain the operation with clarity, Fig. 43 and Fig. 44 must 
be considered together, as the latter is but the end of the vaporiza- 
tion system, while the former is the starting point of it. Gasoline 
from the tank enters at A, passes through the usual float chamber 
B into the standpipe C. Air enters at D, vaporizing the gasoline 
in the chamber E. The upper end of this. Fig. 44, tapers down to 
a small point, while the additional air enters it from above through 
the flat-seated valve G. The two are mixed in the chamber F, and 
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Pig. 41. 



thence pass through the thruttlc valve. 1 ins 
consists of two parts, the outer, II, being a 
rotary piston, operated for normal running by 
the lever J. Withm this piston, however, is a 
.sliding piston throttle L, which is operated by 
the additional lever K. The two in combination 
allow many and varied 
combinations of rich and 
lean mixtures to enter the 
inlet pipe //,and through 
it, to reach the cylinders 
of the enpne. 

Not to be outdone 
by other nations are the 
G^ermans and the S\^dss. 
As an example of the 
work of the latter, none 
would be more appro- 
priate than that of the great constructor, 
Saurer, of Arbon, the designer of the Saurer 
and *Safir trucks and pleasure cars. His 
carbureter design, known as the Economy^ is 
shown in Fig. 46. The peculiarity lies in the 
two standpipes A and B, one of which may 
be cut off by the action 
of the flap throttle valve 
C This latter is oper- 
ated by the demands of 
the motor, consequently 
when the need for fuel is 
greatest, it stands vertic- 
ally so that both fuel 
standpipes or nozzles are 
supplying fuel. 

As shown in the 
figure, but one standpipe 
A is working, but as soon 
as tlie motor's demands 




Decauville (Prench) Carbureter Using 
Tapered Mbdng Chamber. 




Fig. 42. Argyll (Scotch) Carbureter 
with Liberal Air Passages. 
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increase, the suction will draw the flap throttle valve C out of its 
inclined position, and then standpipe B will begin to furnish gasoline 
to the vaporizing chamber in addition to stiindpipe A, When the 




Fig. 43 Section Through Siddeley 
(English) Carbureter. 



Fig. 44. Siddeley Mixing Chamber and 
Inlet Pipe. 



demand is greatest, both nozzles are supplying the full amount of 
gasoline, and the flap is standing vertically. Its action is partially 
restricted by a wedge attached to the throttle valve stem. 





Fig. 45. Up-to-Date Daimler Carbureter, Shown in Two Sections. 
Daimler A ctiengeselUcha/t, Unterturkheim, Germany. 
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No better type of German practice than the Benz could be 
selected. The carbureter from 
this car is shown in Fig. 47, in 
which the early connections of 
Maybach may be clearly traced. 
This is apparent in the rotary 
piston throttle, the shape and 
action of the float, the hand 
regulation of the fuel inlet open- 
ing, and many other small details. 

Probably the latest idea in 
vaporization is that brought out 
within the past half year as a 
feature of the Zenith (French) 
carbureter, Fig. 48. This is but 
a modification, in a way, of the 
Venturi plan, for the latter shape 
is actually used for the vaporizing 
chamber. The new idea consists ^- «• ^''^ ^iS.^'""*" ''"' 
in leading into this mixing 
chamber, not one but two tubes. Of these, one is the ordinary 





Fig. 47. Benz Carbureter Showing Hand Regulator for Needle Valve. 

spray nozzle and does not differ from that used on hundreds of 
other devices. The second, however, is very different, and while 
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leading into the same mixing chamber, does so through the medium 
of a secondary chamber or standpipe, to which the suction of the 
engine has access. If this suction is strong, more gasoline is drawTi 
into the secondary chamber,from which it may enter the spraying zone. 
The ordinary nozzle is of an exact size, and consequently can 
pass only a certain amount of fuel, always at the same speed. With 
the additional nozzle, this does not hold, and being of large diameter 

(comparatively), the flow 
through it depends 
wholly upon the engine 
suction, which varies at 
all speeds, often at the 
same speed upon differ- 
ent occasions. Steams 
(American) also uses two 
nozzles. 

In starting a car or any 
engine, whether located 
in a car or not, every- 
thing should be inspected 
so as to know if all is 
right before attempting a 
start. With the novice 
this is somewhat of a 
task, but to the old hand 
it is so much of a routine 
task that he does it un- 
consciously. 
Troubles. Engine Should Start on the First Turn. If all con- 
ditions are right, the carbureter is primed and the engine will start 
on the first turn of the crank. If it does not do so there is a source 
of trouble which must be remedied first and it is useless to continue 
cranking. This may lie in the fuel system itself, but exterior to the 
vaporizer, or it may be in the ignition apparatus. It is well in a case 
of this sort to start with the gasoline tank and follow the fuel through 
each step until it apparently reaches the combustion chamber in the 
form of a properly proportioned mixture of gasoline and air. 

To start with the tank — is there enough fuel in it not only for 




Fig. 48. Zenith (French) Carbureter. 
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starting purposes, but enough to allow of making the proposed trip? 
This is readily ascertained by unscrewing the filler cap and inserting 
a measuring stick. For the purpose a graduated rule is good, but 
not necessary; any stick or small branch of a tree will answer, or, 
lacking all these, a piece of wire can be used. A string tied to a very 
small weight wiU also do. 

Having verified the presence of fuel, the next question is: Does 
it reach the vaporizer as it should? Nearly all carbureters have a 
drain cock at the lowest point. Open this and if fuel flows out in a 
steady stream you may be sure that the pipe from the tank up to this 
point is not clogged. In case the carbureter does not have a drain 
cock, the same result can be effected by holding the primer down for 
a long time when the gasoline will overflow through the air inlet. 

In either case, if there is no sign of gasoline when the tank 
contains plenty, it is apparent that the feed pipe is clogged and the 
method of procedure is as follows: Shut off the cock below the 
tank so that none of the previous liquid can escape, then drain off 
the carbureter and pipe into a handy pail. Next open the union 
below the cock in the feed line and the one at the other end of the same 
pipe. At both places look for obstruction. Then clean the pipe 
out thoroughly, using flowing water, a piece of wire, or other means 
which are available at the time. 

Gasoline Strainer a Source of Trouble. Finding nothing here, it 
will be necessary to search. Look in the strainer of the carbureter to 
make sure that the flow is not stopped there by the accumulation of 
dirt and grit, filtered out of the fuel. The strainer should be cleaned 
often, but like many other dirty jobs is postponed from time to time. 

Should this source of trouble prove "not guilty" the carbureter 
itself becomes an object of suspicion. Is the float jammed down 
upon its seat or are there obstructions which prevent the flow of 
fluid? Is the float punctured, or has one of the soldered joints, if 
a metal one, opened, or is it fuel-soaked, if cork? 

A Belli Needle Valve Stem. To attend to this sort of trouble, 
disconnect the priming arrangement, take the cover off of the float 
chamber (it usually is screwed on with a right-hand thread), and 
take the float out. An examination of the float. Fig. 49, will 
disclose whether it is at fault in any of the above-mentioned ways, 
all of which are comparatively easy to fix. If the float was jammed 
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down, perhaps by priming, the act of takmg it out will cure that, 
provided that the stem of the float is not bent and the needle valve 
or its seat not injured. If the seat is scored it should be ground in 
just like any other valve, using oil and fine emery. A fuel-soaked 
cork should be thrown away if another is at hand to replace it, but if 
not, the cork float should be moved in its position on the stem so 
that it sets higher in the liquid. In other words, move the cork a 
sufficient amount to compensate for its loss of buoyancy. 

In the case of a punctured float of metal or loose solder, the 
only real remedy is to resolder in either case. It usually happens 

that a soldering outfit is not available out 
on the road and some form of makeshift 
will be necessary to allow of reaching a 
place where a soldering iron may be had. 
If the puncture is on the bottom, it is 
sometimes possible to accomplish this by 
inverting the float so that the hole comes 
at the top where the gasoline seldom 
reaches. If the flow be reduced to make 
sure of this, it is possible to reach a place 
where a soldering iron may be procured. 
A remedy which might be tried 
in an extreme case of this sort is to fill 
the float to make it heavy, so that it will have a tendency to 
sink. Then take a small diameter spring, cut off a short piece of it 
and place it in the float chamber so that it opposes the sinking action 
of the now-heavy float. By carefully determining the length, and 
thus the strength of this spring, the same action is obtained as would 
be had if the float were working all right. Of course, if the entrance 
of the liquid fuel is such that the sinking of the heavy float tends to 
close rather than open the gasoline inlet, the spring would have to 
be on the bottom and fairly strong so as to oppose the action of gravity. 
But if the float works downward to open the gasoline passage, the 
spring will be at the bottom and very weak, simply l)eing there to 
prevent an excessive flow. 

Throttle Ijoose on Shaft. Now the carbureter trouble has been 
reduced to a minimum. The remaining troubles might be centered 
in a clogged spraying nozzle. But this nozzle is readily removed* 




Fig. 49. Bent Needle Valve. 
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and with it the trouble, if that he the offending member. If the 
spray is proven O. K., the throttle is ready for attention. If of the 
butterfly type it may have become loase on its shaft, or what is the 
same thing, the operating lever may be loose. In either case the 
shape and weight are such that it would swing into such a position 
as to cut off the entrance of gas to the inlet pipe and thus to the 
cylinder. If the throttle is of the circular sliding or piston form it 
may not be connected to the throttle rod, but is stuck in such a 
position as to prevent the passage of gas. This sometimes happens 
when running, and then, apparently, closing the throttle does not 
stop the engine. The writer had this happen to him once at a time 
when it was absolutely necessary to stop. The only way that trouble 
was averted was by the instantaneous closing off of the switch and 
the hasty application of the brakes. 

The last hope of finding trouble in the carbureter system rests 
with the inlet pipe. If the source of the trouble is not found else- 
where, take this off in search of misplaced waste or similar sub- 
stances. The size of the pipe is such that anything in it large 
enough to cause trouble may be instantly seen and removed. The 
only exception to this is a small hole in the inlet pipe casting, 
which will not only cause trouble with the mixture at all times, 
but is also very hard to find, particularly if it happens to be of very 
small diameter, caused by a single grain of sand, for instance. 

The valve or cock controlling the flow of liquid from the tank 
should be examined frequently and care be taken to keep it in good 
shape. It must act hard and must be tight, so that no gasoline flows 
when it is supposed to be shut off. The reason for having it act hard 
is to prevent it jiggling shut during a long run which results in the 
engine slowing down and stopping without any apparent reason 
until the tank is looked at when the supply is found to be shut off. 
A method of fixing it — which, in general, is not to be recommended — 
is to open the cock and then hammer the handle so as to jam it 
tight against the seat, but in the open position. This makeshift will 
answer until a place is reached where the taper seat can be reground 
or tightened in place, if that is what it needs. In case the driver 
does not wish to do this, and the cock is of the two-way type, open 
when the handle is parallel to the axis of the pipe, it may be tied in 
the open position by passing a cord around the cock and pipe. 
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STARTING DEVICES 

As far as starting is concerned, motors have been turned over 
by hand ever since the industry sprang into being about 1885. But 
as sizes grew larger and larger while the number of cylinders 
multiplied, this became more and more of a task. With progress 
in mechanical construction came progress along lines of theory, such 
as increased power due to greater compression. This worked out 
nicely but made the resulting engines even more diflScult to crank 
over. Finally the stage was reached on racing cars, with engines of 
immense size and compressions of 110 pounds and upwards, which 
one man could not turn over regardless of his strength. So at such 
"times and places as the Vanderbilt Cup Races of 1907 and 1908, it 
was not an uncommon sight to see five or six men on the end of a 
six-foot bar turning a big racing engine over to start it. 

This condition did not obtain in the case of ordinary engines, 
but even these became so large that starting was a strenuous, not to 

say dangerous, task. 
Under these conditions, 
a call arose for self- 
starting devices, which, 
while it was stilled by 
the advent of engines 
with more cylinders giv- 
ing the same power with 
a smaller bore and by 
the more recent develop- 
ment of much lower- 
powered engines, nevertheless still exists and with surprising though 
latent strength* 

Speaking broadly there are three classes of starting devices 
worthy of mention, viz, the mechanical or spring actuated devices ; 
the compressed fluid devices; and the electrical starters. 

Mechanical Systems. In the first class properly belongs any 
mechanical contrivance by the use of which the driver of the car does 
not have to "wind up" the motor by means of a rotating lever directly 
attached to the engine, and, therefore, liable to a "back kick," which 
is the real objection to the cranking of the engine. This class 




Fig. 50. Strap Starting Device. 



182 



Digitized by 



Google 



AUTOMOBILE MECHANISMS 



49 



includes such devices as the coil spring, wound up by the running 
of the engine after having been once started by hand. This is wound 
up tight and then the engine automatically cuts itself out, leaving the 
spring tense. To use the starter, the spring tension is suddenly 
relieved by a suitable device and the tendency of the spring to 
unwind results in a rotary motion which turns the engine over. 

In this class also belong that type of starters in which a strap is 
pulled upwards or sideways, this motion rotating the flywheel or 
other suitable drum. A spring returns the strap to place, so that it 
may be used over and over with no appreciable interval. In case 
the engine backfires or tries to rotate backwards, the strap simply 
slips on the drum or is pulled out of the operator's hand, with no 
attendant danger. Fig. 
50 shows a commercial 
form of this type in which 
the strap is plainly seen. 
On the right is the drum 
upon which the strap is 
wound and held by 
means of a spring. The 
band or strap is normally 
held away from tlie drum 
by the two clips and 
springs, one on each side, 
but, when force is exerted 
upon it to turn the engine 
over, these allow the 
band to take hold. In this way there are no friction losses from the 
dragging of the band when it is not in use. The angle of contact is 
very large, being nearly 450 degrees, so that a small coefficient of 
friction (such as this device would have) is sufficient to do the work.* 

This principle is utilized in another starter, which has a side 
lever in place of the handle, the remainder of the parts being the 
same. Another one of the mechanical starters uses the side lever, 
but for the actuating means has a modification of the worm and 
gear. A deep spiral groove G, Fig. 51, is turned in the prolongation 
of the shaft and a pair of dogs set into this. The latter, Fig. 51 and 
Fig. 52, are constrained to move in a straight line, so that only the 




Fig. 51 Mallins (English) Mechanical Starter. 
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shaft rotates. By operating the hand lever the other lever carrying 
the dogs is moved, and through the medium of the spiral groove turns 
the shaft around, the total motion depending upon the length of the 
spiral and the amount of the lever motion. It may, however, be 
such as to afford three turns of the shaft, which usually are sufficient 
for .starting purposes. A jaw clutch prevents the rotating of the 
engine from being retroactive, i. e., from working the starting device 
in the opposite direction. 

Very similar to this is the form in which a rack and gear are 
employed, the latter arranged on the crank shaft with a clutch, and 

the former contacting 
with it. Motion of the 
hand lever draws the rack 
across the cari thus rota- 
ting the shaft, and with it 
the engine. Still other 
mechanical starters have 
been brought out and, in 
some cases, successfully 
used, but in the main 
these follow along the lines of some of the above-described contrivances. 
Compressed Fluid Systems. Owinfj to the fact that all of the 
mechanical devices recjuire more or less physical exertion, the differ- 
ence between them and the ordinary cranking being a linear instead 
of circular motion, and the elimination of all danger, the use of a 
fluid pressure system in which there is neither work nor danger is 
more desirable and deservedly more popular. After cranking over a 
big motor the notion of pressing a button to start it is particularly 
attractive. 

Nearly all of these use the air, but some employ the exhaust 
gases. The advantage in so doing lies in the elimination of the 
compressor and the attendant mechanisms to drive, connect, and dis- 
connect it. This method, besides making for simplicity, saves 
weight, and the elimination of extra parts allows the driver more 
peace of mind. All this is said with the proviso that the arrangement 
works and works at the desired time, without which it is useless. 
The doubt here expressed is a large item, and has proved the down- 
fall of many an apparently good mechanism. 



Fig. 52. Detail of Mallins Mechanical Starter. 
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The system just spoken of may take either one of two forujs, 
viz, the actual exhaust waste gases may be dra\m oflF from the motor, 
stored in a tank, and used as a source of energy; or the mLxture may 
be taken during the compression stroke, just before ignition, so that 
the starting fluid is a combustible mixture and diflFers in the 
strict definition from carbureted gas only in 
lx?ing under great pressure. This latter is 
also stored in a tank. 

The complaint made against using the 
exhaust is that the starting gases so weaken 
and impair the mixture from the carbureter 
that a considerable number of turns are 
necessary to start the machine. This, in 
tuni, means a very large gas storage tank, 
which adds materially to the weight of the 
car. The exhaust pressure, in a well- 
designed engine running under normal con- 





Fig 53. Principal Parts of Saurer Alr-Operat«d Starter. 

ditions, seldom exceeds 45 pounds, so that a high pressure may not 
be obtained from this source. 

The method of utilizing the compressed gases has the same 
detrimental feature, but not in so marked a degree, u e,, that a wide 
range of pressure is impossible. However, a very high pressure in 
comparison with the other method is obtainable. The compression 
usually runs from 70 pounds upward, and it has been known to be 
as high as 110 pounds, so this would give good, if not maximum, 
results. 
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With an outside and independent compressor any desired tank 
pressure may be obtained, and, as a matter of fact, the majority of 
these systems do use it higher than any of the figures thus far given. 
In the Saurer system, 225 pounds is maintained in the reserv^oir at 
all times, while the Renault method utilizes 250 pounds. Other 

pressures are used, all 
being above 200. 

As usually consti- 
tuted, a fluid-pressure 
system consists of a com- 
pressor as a source of 
pressure, a storage tank, 
a distributing valve, and 
a lever, button, or other 
operating means. In use, 
the engine must be 
started by hand in the 
first instance. This 
creates a source of power, 
whether it be exhaust gas, 
compressed gas, or air 
from a compressor driven 
from the crank shaft or 
cam shaft. 

Saurer. Fig. 53 
shows the essentials of a 
system in which the air- 
cooled compressor is driven off of the main driving shaft just 
ahead of the gear case. The hand lever shown on the dashboard, 
when forward in the position /, throws the compressor clutch in, and 
it then charges the storage tank. The valve to the latter is set at 
225 pounds, and when that pressure is reached the clutch is auto- 
matically cut out and the compressor stops working. 

A is the air-cooled compressor, which is driven from a forward 
extension of the transmission shaft, as soon as thrown into engage- 
ment by the linkage shown at B. This linkage is operated from the 
dashboard as previously described. The air when compressed, 
passes through the pipe C to the distributor D on the dashboard, 




Fig. 54. Dashboard Oontrol of Saiirer Starter. 
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and thence to a storage tank not shown. The left-hand end is a 
side view, while at the right is a small detail view taken from the 
front. 

When it is desired to start the car the lever, shown in larger size 
and more detail in Fig. 54, is pulled backwards as to position III, 
the compressed air from the tank flows up through the governing 
valve and thence to the distributor. The latter is situated high up 
between cylinders 2 and 3, and is driven by miter bevel gears from 





Fig. 55. Btotrlbutor ValTe Detaito 
of Sauier Starter. 



the crank shaft so as to have the same 

speed of rotation as the latter. This 

consists of a revolving sleeve in which 

are cut ports, one for each cylinder. 

As the sleeve turns. Fig. 55 (with the 

crank shaft), these ports register in 

turn and in the proper firing order, 

with passages which connect to the 

individual cylinders. The air under 

pressure is admitted by the governing valve, on the dash previously 

spoken of, to the interior of this sleeve, and thence to the proper 

cylinder. 

As shown in Fig. 55, this is open to cylinder, 2, and in this situa- 
tion the air will pass into that one and drive the piston down. This 
must necessarily turn the crank shaft aroimd, and with it the dis- 
tributing valve, which thus registers .with the cylinder next in the 
firing order, 4, or whatever it may be. From this it is plain that the 
tank will continue to furnish compressed air to the cylinders, in proper 
rotation, until all of the supply has been exhausted or the engine has 
been started and the supply cut off. Another and different view. 
Fig. 56, shows the dashboard with the control mechanism, the 
small, air-cooled compressor being in the foreground. 
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Fig. 56. View of Saurer Starter in Place. 




Fig. 57. Rowe Starter Applied to 6-Cylinder Engine. 
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Bmve. Another starting scheme of much similarity known as 
the Rowe selfstartery is that applied to one specific design of air- 
cooled car, and shown in Fig. 57 and Fig. 58. As is there shown, a 
source of compressed air is connected up to the fuel inlet system just 
l)eyond the carbureter. Then, to start the engine, the air supply is 
turned on. This rushes 
through the carbureter, 
picks up gasoline, vap- 
orizes it, and thus fills 
the cylinders with an ex- 
plosive mixture. Since 
the production of a spark 
in any one cylinder is an 
easy matter, it is plain to 
be seen how this starter works. The engine, to which this is fitted, 
starts readily for the simple reason that it has an odd number of 




<Ofiff>^SSE£> A/ff 



Fig. 



58. 



C^Ft3UR€TOfi 

Section of Rowe Starter. 




Fig. 61. EngUsb Starter Uoliig Two Oyllnders as Air-OompressofB. 

cylinders, five, and thus has one cylinder always in the firing posi- 
tion, and ready to be started. 

English Devices. In Fig. 59 are shown the essential parts of 
an English starting device which converts two of the engine 
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cylinders into air compressors by shifting the cam shaft longi- 
tudinally. This is done by the foot pedal A, which moves different 
cams, or rather, a different part of the cams C and E imder the 
push rod. The altered shape of the new cams causes the fimction of 
the cylinders to be changed into air compressors, which then act to 
store air under pressure in a tank. To start, the action is reversed 
and the air flows into the cylinders, moving them downward, and 
thus starting the engine. 




Fig. 60. Gore (English) Fluid-Pressure Starting Device. 

An English starter, that of Gore, Fig. 60, sends compressed air 
through the carbureter, thus filling the cylinders with an explosive 
mixture which is readily ignited. H is the compressor driven from 
the crank shaft by the cam shown dotted. The compressed ur is 
piped to the tank K, which communicates with the lower end of the 
inlet pipe at L. is the throttle which puts the tank into action. 
This being opened, the compressed air rushes through the carbureter 
iV, picking up some gasoline, and vaporizing it. Passing on 
through the inlet pipe, the pressure is sufficient to open the inlet 
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Pig. 61. Dou6 (French) Starter In Place on the Engine. 




Fig. 03. Doud Preflsure Admiaskm to Valves. 
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valve, the lower part of the valve chamber 
B being specially formed to facilitate this, 
as well as the special spring arrange- 
ment, shown at C B D C^, Passing on 
into the cylinders, the pressure turns the 
engine over, and, of course, the cam shaft. 
The inlet cam shaft is fitted with double 
cams, which are shifted under the push 
rod at starting time. 
These open the inlet 
valve twice as often as it 
would be opened other- 
wise, and thus permit the 
air pressure tw^ice as 
many entrances to the 
cylinder as would or- 
dinarily be the case with carbureted gas. The doubling of the 
entrances is a very necessary provision as after the tank is once 



Fig. 63. Detail of Dou6 Air-Compressor. 




Fig. 64. Air-Compressor of the Dou6 Starter in Place. 

opened, the pressure falls rapidly. All this gas being carbureted gas 
and not atmospheric air, as soon as a hot spark is obtained, the 
engine may be considered as started, and the tank shut off. 
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Although to Saurer has been ascribed the most successful of 
self-starters and European constructors pay license fees to him 
as the holder of all starter patents, that fact does not entirely eliminate 
originality in the matter of details. This is to be plainly discerned 
in the Dou^, a French starting device, as illustrated in Fig. 61, Fig. 
62, Fig. 63, and Fig. 64, and that of the Renault, Fig. 65. All of 
these depend upon a source of compressed gas, which is distributed 
to the proper cylinders by a timing device. 

ReruiuU, Renault's starter operates as follows: At the front 
end of the engine is placed a small air-cooled compressor // which is 




Fig. 65. Component Parts of Renault (French) Self-Starter. 

connected by means of the pipe J to the distributor N on the dash- 
board, and through that and the pipe L to the storage tank R, 
From the valve N on the dash another pipe K leads to the actual 
distributor (7, which is driven from the cam shaft A by the inclined 
shaft B, This puts the air under pressure in the pipe K into com- 
munication with the cylinder in which the piston is in the proper 
position for starting, the cylinders and distributor being connected 
by the two-branched pipe E, When running, the tank is filled, and 
then the compressor is thrown out, as described later. Now, with a 
tank R full of highly compressed air, if it is desired to start, the 
handle D is pulled upward, which opens an internal port, and allows 
the air to pass through to the pipe K, which, as mentioned before, 
leads to the distributor and cylinders. 
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A prominent feature in the Renault system may be men- 
tioned briefly. This is essentially the same as the one just described 
but the control of the compressor differs in that the air suction 
valve has a flexible diaphragm, Fig. 66, which is in contact with the 
tank, or, rather, to which the compressed air has access. As the 
pressure rises this distends until, at the predetermined maximum, it 
holds the air inlet open, thus preventing compression and consuming 
no power. Of course, as the pressure falls off from leakage or the 
use of air, the diaphragm changes its position to correspond, until at 



rni rrrt 



a certain fixed minimum pressure 
the suction valve will be allowed 
to close on the compression 
stroke, and thus the tank will be 
automatically replenished. 

In the figm«, A is the driving 
shaft, P the piston, J the supply 
pipe to the pressure tank, h the 
inlet valve, and a the oudet or 
discharge valve. Air enters the 
small hole 0, passes through the 
inlet valve, the suction within 
opening it against the spring g. 
It is then compressed, passes out 
through discharge valve a and the 
pipe J. It will be noticed that 
the upper part of the discharge 
passage b is connected with the 
inlet passage by a small hole d. 
The bottom of this is closed by 
the diaphragm /, held at the periphery by a hollow nut e. Between 
this diaphragm / and the top of the inlet valve stem is very little 
clearance, and as the pressure rises, even this is decreased, until finally 
at the maximum point, the inlet valve is held open continuously by 
the diaphragm. When this happens, and until the pressure is reduced, 
the valve is held open continuously, and the piston simply pumps 
out the same air which it drew in on the downward stroke. 

Scat. Any one picture of a starting device of this kind would 
fail to show all of the component parts, for the reason that they are 




Renault Air-Compreflsor. 
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so scattered, some being at the front, and others at the rear of the 
chassis. For this reason, the diagrammatic sketch, Fig. 67, of the 
Scat English starter is of more than passing interest, in that it 
shows all of the components. In this it is rather misleading, 
because parts which are actually separated by several feet are shown 
in close proximity. Thus, the air tank is shown nearly touching the 
crank case of the engine. In the actual installation, the two are 
separated by not less than 50 inches. 




Fig. 67. Scat BngUsh Starter. 

There are other systems, which, while using a part of the ap- 
paratus above described, do not use all of it, and consequently differ 
somewhat in their action. One that was given publicity recently 
is based on the assumption that when the spark and throttle are 
correctly manipulated just before stopping, all of the cylinders but 
one will contain an explosive mixture. Granting that this is so, 
all that is necessary is a spark in the cylinder in whicK the piston is 
in the proper position for firing. This spark is effected by disengaging 
the driving gear and throwing the magneto armature aroimd to a con- 
tact, the arrangement being such that on starting, the magneto gear 
drops back into its proper position and ignition proceeds as usual. 

A decided advantage of the compressed-air system of self-start- 
ing lies in the fact that the machine is equipped with a large tank 
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of highly compressed air which may be found useful in many ways. 
For instance, for inflating tires, the autoist would take a chance on 
starting with less air and utilize a part of the tankful to inflate his tires. 

Combined Pressure and Electric Systems. The most recent 
starting device is in the nature of a combination of the stored 
pressure and the electrically operated devices. This is an American 
product, made in the Middle West, and very recently placed on the 
market, after two years of experimentation and successful tests. 

The basic idea is a source of pressure, which is admitted to the 
cylinders by means of a system of magnetically controlled valves. 
The pressure utilized is that of the explasion — not the compression, 
not the exhaust. This, through the medium of a pressure reducing 
valve, is reduced to 200 pounds, at which value the tank is filled. 
With a full tank, the valve cuts out the supply and the driver can 
then close off the valve communicating with the cylinders. 

For starting, this fluid pressure is admitted to the cylinder through 
the medium of the distributing valves, which are placed on top of 
the engine as shown in Fig. 68, this being a view of the apparatus 
applied to an automobile engine. These valves are operated by means 
of an electric current, diverted from the regular ignition source, the 
only necessity being a direct current. This current is led through 
an ordinary timer and from there to the distributing valves in the 
cylinder heads. Thus it is that the valves are opened in proper rota- 
tion, each at the top of the piston stroke, which, while it is the correct 
position for the igniting spark in ordinary running, is also the correct 
position for the starting effort. So through the medium of the mag- 
netically controlled valves the pressure is introduced to the proper 
cylinder at the proper moment. Referring to Fig. 68, ^ ^4 are the 
magnetically controlled valves, to which the wires D D lead. B 
is the supply pipe from the storage tank. The shut-off valves C 
are operated by a hand lever on the dashboard and just above them 
may be seen the operating rod. If a car has a double ignition system, 
the battery-timer system may be used for the starting by putting the 
starting switch in that circuit. Then by throwing the ignition switch 
to the battery and timer, and the starting switch to the starting posi- 
tion, the gas is admitted to the proper cylinder, the engine is started; 
next the ignition switch may be thrown over to the running position, 
and the starting switch cut out. 
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Electrical Starting Systems. Of the three means of self-start- 
ing, the electrical method, paradoxical as it may sound, is bjr far the 




Fig. 68. Combination Electro-Magnetic Starting System. 

most simple. This depends for its action mainly upon two con- 
ditions and if these do not exist the starting means are useless. The 
first and foremost is that the piston and piston ring construction 
should be such, coupled with correct assembling, that the engine will 
always retain a compressed charge in a state of high compression. 
The second condition is that at 
low speeds, the ordinary igniting 
dynamo, usually called a magneto, 
is incapable of delivering a spark 
of sufiicient intensity to ignite 
the mixture, i. e., it must be ro- 
tated rapidly in order to be 
eflFective. 

The first condition is usually 
met by modem cars, a number 
of motors achieving credit by 
always starting on the spark, i. e., they retain, upon stopping, the 
compression in one cylinder and may be started by turning on the 
Ignition and producing a spark in that cylinder. If the ignition 
system fails to give a spark or the one produced is not of sufficient 




Fig. 69. Steering Wheel Starting Switch. 
Boach MagnHo Company. 
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intensity to fire the charge, the second condition above is not fulfilled 

so that the first, alone, is useless for it means cranking by hand. 

To fulfill the second condition, a means may be provided for 

rotating the magneto armature at a high speed for a sufficiently 




Fig. 70. Electrical Starter on the Mooa Oar. 
Moon Motor Car Company, 8t, Louia. 

long time to ignite the chai^ regularly. There are two ways of 
doing this, both mechanical and both spring-e<:tuated, but differing 

in detail. In each one of these, 
there is fitted some form of dash- 
board or steering wheel push 
button which sets the starter into 
action. One of these is shown in 
Fig. 69, as attached to the arm of 
the steering wheel so as to have 
the button below the arm. 

Moon. Fig. 70 shows the 
whole scheme of an electrical 
starter as applied to the 1910 
modeb of the Moon cars, made 
by the Moon Motor Car Com- 
pany, St Louis, Mo., and Fig. 71 
gives some of the parts more in 
detail. In this the magneto is 
located at the front of the engine 
crosswise of the frame, and is driven by bevel gears from the 
vertical shaft which also drives the overiiead cam shaft Back of 




Fig. 71. 



Details of Rack Device on 
Moon Starter. 
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the bevel gear A on the magneto shaft is a spur gear B, which meshes 
with the rack C. The latter, as seen at C in Fig. 70, extends parallel 
to the engine and is directly connected to the button on the dash- 
board. By pressing the button, the spur gear can be rotated back- 
ward through one-third 
of a revolution whereby 
a spring inside of the 
bevel gear A is wound. 
When the button is re- 
leased, the spring drives 
the spur gear B and 
hence the magneto arma- 
ture shaft upon which 
the gear is secured. Thus 
an electric impulse is 
generated and a spark 
produced in the proper 
cylinder. The bevel 
gear A is loose on the 
shaft, and the two gears 
have a certain relative motion, but when the spring is unwound, they 
are locked together by a catch or shoulder D, so that the armature 
is perfectly timed. 

Unterberg and Hvlme. A 
similar starter, in which a spring is 
used to rotate the armature when 
the button is pressed, is used on 
the Unterberg and Hulme, a Ger- 
man magneto imported into this 
country by J. S. Bretz & Co., 
New York City. In this, as soon 
as the armature has reached a 
suitable speed of rotation, the 
device is automatically thrown 
out of action and the armature Fig. 78. simms switch starter, 

revolves at a uniform speed. ^*'~'~* ^''^^ ^^"'^'*''' ^'^^'^• 

Accum/uUUor and Special Switch. In the starting mechanism 
put out by the Simms Magneto Company, an English firm, an accu- 



Fig. 73. Oontact Breaker of the. 
Eisemann-Lavalette (French) Magneto. 
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mulator or storage battery is used as the source of starting current, 
while a special starting switch has been developed for this purpose. 
The contact breaker of the magneto differs from the conventional, 
of which an excellent example is shown in Fig. 72. This is normally 
in contact; while in the Simms device the contact breaker is so de- 
signed as to have the points normally separated, causing the armature 
primary circuit to be opened rather than closed. By throwing the 
switch, shown in Fig. 73, to the on position, and tapping the central 
button quickly, a current from the storage battery is instantly passed 
through the primary winding, and a very quick break causes an 
intense spark. This usually starts the engine. After being started, 
the magneto runs in the ordinary manner. 

This describes the main forms of starting devices, all of which 
are designed to dispense with the troublesome and dangerous act 
of cranking an engine. After the engine has been cranked once and 
with a starter, which is sufficient to start the motor every time 
thereafter, the driver of a car is concerned principally with the 
transmission of that engine power to the road wheels in a manner 
which so conserves the energy and thus, in an indirect manner, the 
fuel, that the greatest sp^ed or most power may be obtained at 
the least expense. 



800 

Digitized by 



Google 




Digitized by 



Google 




CHASSIS OF ADAMS RBVOLVING-CTLINDBR MOTOR-CAR 

The Adams Company. Dubuque, Iowa. 




TRANSMISSION GEAR AND CONTROLLING MECHANISM OF THE ADAMS CAR 

The Adama Ck>mpany, Dubuque, Iowa. 
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PART II 



CLUTCH 



Principal among the indispensable parts which intervene between 
the engine and the road wheels, and which may be a source of great 
joy or correspondingly great wrath if it be well or poorly designed 
and fitted, is the clutch. There are six forms into which clutches 
may be divided, although not all of them are in general use in the 
automobile. In general, only the first four are used on automobiles. 
These different forms are: 

1. Cone clutches. 

2. Band or drum clutches. 

3. Expanding ring clutches. 

4. Disk and friction clutches 

5. Hydraulic or fluid clutches. 

6. Magnetic or electric clutches. 

The necessity for a clutch lies in the fact that the best results 
are obtained in an automobile engine when run at constant speed. 
Inasmuch as the speed of the car cannot, from the nature of its use, 
be constant, it requires some form of speed variator. This is the 
usual gear box or transmission, but in addition, there is the necessity 
of disconnecting this from the motor upon starting since the engine 
cannot start under a load. There is also the necessity for disconnect- 
ing the two when it is desired to change from one speed to another 
either by way of an increase or a decrease. So, also, when one wishes 
to stop the car, there must be some form of disconnection. There 
are then three real and weighty reasons for having a clutch. 

Cone Clutch. In its simplest form this consists of two members, 
one fixed on the flywheel or other rotating part of the engine, the other 
fixed to the transmission shaft. The latter usually slides upon the 
shaft so as to allow engagement and disengagement. A spring 

Copyrightt 1910, by American School of Correapondence, 
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holds the two together or apart, according to the type of clutch used. 
When the smaller diameter member is spoken of, it is usually called 
the male membery while the part of larger size is spokeh of as the 
Senude member. 

The cone type is found to be made in two different varieties, 
the one in which the male member enters the female naturally at the 
open end, which is called the direct cone type. In the other form, 

the male is set within the 
structure of the female 
and is pressed outward 
toward the open end to 
engage it. This is called 
the inverted, or some- 
times the reversed, cone 
clutch. 

A big disadvantage 
of the inverted form is 
that the spring must be 
carried between the ttvo 
cones, which means that 
it is inside where it can- 
not be reached for ad- 
justment. Fig. 74 shows 
this clearly. . This form 
causes trouble in assem- 
bling because the male 
cone A must be put in place with the spring between it and the 
flywheel C, before the female B can be set into its place and bolted 
up. These two big sources of trouble have caused the designer to 
turn to the direct type more freely, as^ it lends itself readily to an 
external adjustment. If the spring is outside it is easily put into 
place and as easily taken out. Fig. 75, which illustrates this, is a 
section through the Clement-Bayard clutch, and the spring is seen 
to be entirely outside of the clutch proper. Its location is .such as 
to permit the adjustment of the tension at any time, by means of a 
screw collar C which may be done with no more trouble than lifting 
up the footboard of the car, and turning the collar forward a few 
turns. 




Fig. 74. CadOlac Reversed Cone Clutch. 
Cadillac Motor ^ Company, DetroUt Mich. 
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Not all designers have hit upon as happy a solution of the clutch 
problem as this. Thus, in the Studebaker clutch, shown in Fig. 
76, the spring B is external to the clutch but so placed that it is neces- 
sary to disconnect the universal joint A A, take it off the car, loosen 
a set screw, adjust, and then repeat the other operations in reverse 
order. A similar state of affairs is found in the Benz, illustrated in 
Fig. 77, in which it is necessary to take out the bolts connecting the 

shifting collar to the male member, and 
then, through the longitudinal motion 
permitted by the form of universal joint 
used, slide this backward as far as possible. 




^A^y 



The latter movement allows of removing 
it from place, then the spring tension 
may be adjusted by simply removing a 
cotter pin. 

Fig. 78 gives a better idea of a male 
clutch member than does a line drawing. 
This shows how the leather lining usually 
used is fastened to the metal ring or spider 
by means of rivets. In the up-to-date car 
this method will be found to have been 
carried even farther than this, the leather being put on in sections, 
so that in case of unequal wear a single, worn-out section may be 
replaced without disturbing the others. An even later idea emanates 
from England and is nothing less than putting these sections onto 
the cone by means of dovetails. In this way a worn section can be 
replaced in the length of time that it takes to tell about it. 



FiR. 75. Clement- Bayard 
Direct Cone Clutch. 
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FiR:. 76. Stuflebaker Direct Cone Clutch. 
Studelmkr.r Aittomobile Company, South Bend, Ind. 




Fig. 77. Benz (German) Cone Clutch with Somewhat Inaccessible Clutch Spring. 
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Requirements Applying to All Clutches. In a serviceable clutch 
there are two general requirements which are applicable to all forms. 
These are gradiud engagement and large contact surfaces, although 
the latter requirement may be made to lose much of its force by 
making the surfaces very efficient. In the cone clutch, gradual 
engaging qualities are secured by 
placing a series of flat springs 
under the leather or clutch lining. 
By means of these springs, acting 
against the main clutch spring, 
the clutch does not grab, since the 
large spring must have time in 
which to overcome the numerous 
small springs. In this way the 
engagement is gradual and the 
progress of the car is easy but 
continuous. 

The specific necessity in a 
cone clutch, whether it be direct 
or inverted, is a two-fold one — 
sufficient friction surface, and 
proper angularity. As the latter, 
in a way, effects the former, as 

will be discussed more in detail later, this really reduces to one 
complex requirement. 

The angularity varies in practice from 10 to 18 degrees. In 
arriving at these figures, a line of reasoning is followed somewhat like 
the following: 

The force of the spring acts along one leg of a right triangle of which 
the resulting useful force is found to lie along the hypotenuse, the latter 
being perpendicular to the surface of the clutch. In this case, the ratio of 
the resulting useful force x to the original spring pressure A is the ratio of I 
to the sine of the angle of the clutch cone 6. Expressed in the form of pro- 
portion, it is 

X : A :: I : sin e 




Fiff. 78. Male Portion of Royal Clutch. 
Uses Narrow Leather to Carry Load. 



or as an equation 



X 
A 



sin 
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Since 1 is a constant, reducing sin increases the ratio. Reducing 
the sine, in turn, means reducing the angle itself, and this is the 
course usually pursued as a large ratio is the desired quantity. For 
this reason small clutch-cone angles are used. The actual angle is, 
however, partly determined from another basis. 

Coefficient of friction is the name given to the adhesion of two 
materials one to the other, imder just such conditions as are described 
above. Since it is impossible to have perfect adhesion, this coeflBcient 
is always less than unity. Now, the angle of the cone of a cone type 
clutch is dependent solely upon the coefficient of friction of the 
materials selected and the condition of the friction surfaces. Quite 
frequently, in fact, usually, the materials of cone clutches are leather 
and cast iron; i. e., the female cone is either a part of a cast-iron 
flywheel or made of cast iron, while the male cone is usually some 
other material lined with leather. The ordinary male cone is of 
very light metal so as to reduce the spinning action of this rapidly 
rotated mass. Of late years, aluminum has met with favor for this 
part. 

The coefficient of friction for cast iron and leather has been 
determined as .30 dry, and .25 greased. Since the latter case is 
more usual this value will be used. Expressed mathematically, the 
coefficient of friction is the tangent of the angle of repose, so for 
this value it would be the angle of which .25 is the tangent. This 
is 14 degrees. A more conservative value of the coefficient is .20, 
for which the angle is but 11 degrees. 

In the design of the clutch, however, a more accurate method 
than this is pursued. The twisting moment in foot pounds M is 
equal to the horse-power P, reduced to foot pounds, divided by 
the speed at which the power is to be transmitted. This gives the 
equation 

,. P 33,000 ,, P5250 

^^ " -2wr' "' ^"s^'^' -R- 

Let S represent the torsional resistance, to which the clutch 
must at least be equal, and F the mean or average radius of the male 
cone in inches; then 

^ P 63,000 
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If now, the resulting pressure from the clutch spring acting 
normal to the clutch surface is z, the axial pressure or total exerted 
by the spring is x, and the coeflBcient of friction is /, then 



z - 



X 



and S ''zf 






sin(? '^'' sin 

Equating the two values for S, and solving for x 

P 63,000 sin 



X, spnng pressure = 
and solving for P 

P, power transmitted -= 



FRf 
xfFR 



63,000 sin 

Band Clutch. A simple and short consideration of the band 
style of clutch shows that this does not differ radically from the ordi- 
nary band brake, either in con- 
struction, application, or actual 
working. The difference in the 
two lies in the fact that the band 
as a clutch is designed to trans- 
mit power with as little loss as 
possible while the band as a 
brake is designed to absorb the 
forward energy of a moving 
vehicle (equal in the last analysis 
to power) in the shortest possible 
space of time, i, e., to waste as 
much power as possible. 

Fig. 79 shows the form of 
band clutch used on the Mors, 
French cars, but manufactured 
in this country by the St. Louis 
Car Company, St. Louis, Mo., 
firm. In this form, the band 
arm moved by a sliding cone 
two bands which thus contract 
is a drawing of the clutch used on the Gaeth cars, made 
in Cleveland, Ohio, by Paul Gaeth. While not differing 
radically from the Mors, this has the two sections of the 
band united at the bottom and the two operating levers are 




Pig. 79. 



Mors (French) Ck)iitracting 
Band Clutch. 



under license from the parent 

is in two parts and a rocker 

operates the free ends of the 

upon the clutch drum. Fig. 80 
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pivoted at the top, where a single conical-shaped cam moves both 
outwards and tightens the bands on the drum. 

In Fig. 81 is shown the Reliable Dayton clutch, which is very 




Fig. 80. Gaeth Contracting Band Clutch. 
0<ieth AuLomobile Company, Cleveland, Ohio, 

similar to the Gaeth just described, the differences being very minor 
ones of construction. Neither one of these clutches appears to have 





Fig. 81. Reliable Dayton Clutch. 
Reliable Dayton A utomobile Company, Chicago, III. 

any great width, but in Fig. 82 is shown a type of band clutch in 
which this fault is corrected, a considerable width being provided. 
The most usual place in which the band clutch is found is in connec- 
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tion with a planetary transmission. There the band is always used, 
and there it reaches its simplest form, that of the plain band wrapped 
around the drum. One end is fixed and the other attached to the 
braking, or more correctly, the clutching lever. A plain pull on this 
effects the clutching action. A more modem. and more eflScient 
form has one end of the band attached to one extremity of the clutch- 
ing lever, while the other end of the band is fastened to the middle 
of this lever. The clutching pull comes upon the upper extremity 




Fig. 62. Particulariy Wide Band Clutch. 

of the lever. Then the band acts to aid in clutching itself, i. e., a 
scissors action is obtained, and the required pull is lessened. 

When^ the band is used as a brake the pull necessary to stop the 
car is 

in which / is the coefficient of friction, w the weight to be stopped, 
D the diameter of the road wheels, and d the diameter of the brake 
drum. Now the ratio of the diameter of the road wheek to that 
of the drum is but the ratio of the work arm to the power arm, so 
when the band is used as a clutch, the ratio of the radius of the two 
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arms may be substituted. The power arm is taken as unity and 
the work arm as the radius of the clutch drum. Since this divided 
by 1 remains the same, it may be substituted in the formula above. 
ScT, too, with the weight, in place of this must be substituted the 
power to be transmitted, which is the equivalent of the weight in the 
other case. The formula then becomes 

Owing to the winding action of the band, the pull ft will be less 
than the pull p, by an amount which varies as the portion of a circle 




or miinl>er of degrees encircled by it. 
Then taking as the number of 
degrees 



iQg V 



Fig. 83. Peerless Expanding Band 

Clutch. 

Peerless Motor Car Company, Clece- 

land, Ohio. 



7 « .434 / d 



log p' 

from which the value of p' may be 
evaluated in terms of p and sub- 
stituted in the previous formula. 

Ring Clutch. In actual numbers, the expanding band form 
of clutch finds little favor. Like the contracting band, which is very 
similar to the band form of brake, the expanding band is very much 
like the expanding type of brake, with the exception that the clutch 
is used to form the connection between two rotating parts. Viewed 
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from the standpoint of pure engineering, the expanding band is very 
Uttle diflFerent from the cone type of clutch, granting that the angularity 
of the operating cam is the same as that of the cone. 

Much depends upon how the band is expanded, the methods 
difiFering widely in practice. This is usually accomplished by means 
of screws which may be either right-handed, or left-handed, or both. 
In the Benz-Parsifal clutch, the screws are single and right handed. 
This superinduces a gain in the power required to clutch by the 
amount of 

. . . 2 TT / 

Ay gam m power = 

in which / is the length of the lever in inches, and s the pitch of the 
screw in inches. If the screw is made double, i. e., one-half threaded 
right hand and the other half threaded left hand, then the expression 




Fig. 84. Expanding Band Clutch. Fonnerly Used on the Wasme. 

should be halved. This latter case being more usual, it will be of 
interest to resolve the gain into the original formula for power, i. e., 

p fFRxl 
03,000 « 
The Peerless clutch. Fig. 83, used on the Peerless motor cars, 
has the band expanded by a double-threaded screw, which is operated 
by a lever. This, in turn, is moved by a pair of sliding collars on 
the main clutch shaft, the clutch foot pedal moving these forward. 
Differing slightly from this is the clutch which was used on the 
Wayne cars, when they were built and sold. This, Fig. 84, consists 
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of a band with one fixed end. To the fr^e end is attached a short 
expanding link. The latter is operated by means of a sliding cone 
on the main shaft. Moving this forward has the effect of moving 
the roller outwards. To compensate for this outward movement, 
the spring pulb the inner end farther in, and the expanding link opens 
the band against the drum. 

The diflFerence between the clutch which is shown in Pig. 85 and 
those preceding, lies in the fact that both ends of the band are free 




Fig. 85. Frayer- Miller Commercial Car Clutch. 
Oscar Lear Automobile Companyt ChiUicothet Ohio. 

and the movement of expansion is halved. This is brought about by 
a single toggle lever attached to a sliding collar. Moving this for- 
ward has the effect of opening up the pair of levers at the outer end, 

which pushes the two 
bands apart, one lever 
being attached to each 
band. As an adjustment 
for wear, one arm is not 
rigidly fixed to the band 
but is fastened to it by 
means of a screw connec- 
tion with a locking device 
which makes its position 
positive. This is the 
clutch used on the truck 
built by the Frayer-Miller Company, Springfield, Ohio. 

On the Steams car, made by the F. B. Steams Company, Cleve- 
land, Ohio, is to be found a decidedly different form of expanding 




Fig. 86. Steams Segmental Band Expanding Clutch. 
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ring clutch. This does not have a complete band but only a pair 
of segments. These, as shown in Fig. 86, are jointed to the clutch 
spider at one end, and are operated by a pair of eccentrics, one at 




Pig. 87. Warner Expanding Clutch. Warner Mfg. Co., Munice Ind, 

each end of two shafts coupled at the middle by a shaft driving pinion. 
This is engaged by a spring and treadle actuated rack. Although 
strange in appearance, this clutch operates very nicely. 

In all the preceding clutches, 
the band has been a flexible one 
of very thin sheet steel, in most 
cases covered with some form 
of renewable lining. In the War- 
ner clutch, illustrated in Fig. 87 
and Fig. 88, the band is com- 
posed of a number — from four up- 
wards, according to the power 
transmitted — of wide, thick, steel 
rings A. These are placed within 
a chilled iron drum B, and are 
expanded by means of a very 
long, powerful lever D. The 
diameter of the rings is not large 
and where the diametral space is limited while the longitudinal space 
is not, this form finds an excellent opening, the multiplication of the 
number of bands taking care of any reasonable power retjuirements. 




Fig. 88 Section of Warner Clutch. 
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The Koechlin clutch is perhaps twenty years old in principle 
but, as adapted to modern service, it takes a somewhat modified 
form, as shown in Fig. 89. This is but a segmental expanding band 
with three segments. Naturally this requires three toggle move- 
ments to operate, each one of these operating two ends, which ac- 
counts for all six ends of the three bands. The original form used 
metal to metal surfaces, but the expanding segments are now 
usually covered with strips of wood which correspond to the leather 
lining of other clutches. 

A peculiar clutch, which has some of the qualities of both the 
contracting and expanding band, is shown dissembled in Fig. 90 




Fig. 89. Modem Koechlin Clutch— Wood Against Metal. 

and assembled in Fig. 91. This clutch is used in the Tincher car, 
made by the Tincher Motor Car Company, South Bend, Ind., and 
is called by the makers a contracting band. It is of metal throughout, 
the flywheel being of steel, the clutch of steel, and the clutch drum 
of manganese bronze. The latter is bolted to a flange on the end of 
the driving shaft, which is perfectly circular in section. The clutch 
band is made with a series of teeth cut into a part of the exterior 
surface close to the cut which divides the band. On the other side 
of the cut, a lip or projection is cut upon the surface of the band 
which slides into a similar but opposite slot in the interior of the 
flywheel. In this way, the band is constrained to rotate with the 
latter. In the flywheel is also cut a series of teeth to correspond 
with those on the band and so located as to come directly over them 
when the two are assembled. The operating lever is made an inte- 
gral part of what is really a long spur pinion of very small diameter, 
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Fig. 90. Tincher Contracting Band Clutch Diasembled 




Fig. 91. Tincher Band Clutch AsRembled. 
Tincher Motor Car Company, South Bend, Ind, 
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the teeth matching those in the flywheel and upon the band. Sliding 
a cone forward upon the main shaft turns this lever and with it the 
pinon-shaped end. This being engaged with fixed teeth in the ffy- , 
wheel, which cannot move, and with the teeth on the band, which 
being flexible due to the cut, can move, the result is that the band is 
wound up smaller until it grasps the drum on the end of the main 
shaft. Since the natural spring of the cut band always opposes 
the winding action, the clutch releases very readily, but a very strong 
spring, stronger than usual, is necessary to force it into engagement. 




Fig. 92. Packard Clutch Showing Small Operating Pinion. 
Packard Motor Car Company, Detroit, Mich. 

The expanding band clutch, Fig. 92, used on the Packard car, 
made by the Packard Motor Car Company, Detroit, Mich., is very 
similar to the Peerless clutch. Fig. 83. This similarity is not strange 
when it is considered that the same man, Charles Schmidt, designed 
first the Packard, and later the Peerless clutch. There is this differ* 
ence, however, in the Packard — the movement of the operating lever 
attached to the right- and left-hand threaded screw, which spreads 
the bands, is obtained from a gear. This is of very small diameter, 
and is rotated by sliding forward a small rack with which it is in mesh. 
The rack is attached to the clutch fork, operated by the foot pedal, 
so that, when the pedal is moved forward to disengage the clutch. 
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the rack is drawn backwards. This rotates the gear, pulls the band 
open against the strength of the spring, and thus frees the engine 
from the transmission. 

Disk Clutch. With its advent in 1904, the multiple disk clutch 
has steadily grown in popularity until today, it is looked upon as the 
most satisfactory solution of the difficult clutch problem. Designers 
who have once adopted it, seldom, 
if ever, go back to another form, 
while of the new cars coming out 
from time to time nearly three- 
fourths are equipped with some 
form of disk clutch. 

These differ in number and 
shape of disks, method of clutch- 
ing, declutchin'g, material, and 
lubrication, but in principle all 
are alike. This principle, briefly 
stated, is that flat surf aces prop- 
erly pressed together vrill trans- 
mit more power vnth less trouble 
than any other form. By mul- 
tiplying the number of surfaces 
and making them infinitely 
thin, the power transmitted may 
be increased indefinitely. That 
this is not idle fancy is shown 
by a number of very successful 

installations of 1,000 horse-power and over in marine service, and 
certainly no such power is required for an automobile. 

The minimum number of plates in use is said to be three, but 
very often the construction of a three-plate clutch is such that one or 
two surfaces of other parts are utilized, making it a two or even one- 
plate clutch in reality. Thus, in the Austin clutch, shown in Fig. 93, 
made by the Austin Automobile Company, Grand Rapids, Mich., 
a copper disk of some thickness is clamped by spring pressure 
between the flywheel A and a floating ring D. In reality, the 
copper disk transmits all of the power, the fljnvheel being a 
necessity and the floating disk only an accessory before tlie fact. 




Fig. 93. Austin Clutch with Single Didc 

AtMlin Automobile Company, Grand 

Rapids, Mich. 
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It would, therefore, not be wrong to call this a one-jiate clutch. 

So, too, with the clutch which is seen in Fig. 94. This is the 

product of the E. R. Thomas Motor Company, Buffalo, N. Y., and 




ft ft n n Prfk 



is called a three-duk clutch. In this, as 
the figure shows,the power is transmitted 
by a series of three disks, composed of an 
extension of the flywheel Z>' of cast iron, 
a manganese bronze spoked disk A, and 
an additional cast-iron plate D. The 
levers F have their lower ends pressed 
inwards by the spring pressure. The 




Pig. 



94. Thomas Single 
Disk Clutch. 



bolts E carry at their outer ends 
slots, m which the upper ends of 
the fingers F rest. Since the 
middle portion of these fimgers 
rests against the plate D, the 
spring pressure on the lower end 
presses this plate inward against 
the bronze disk, and in this way, 
the clutching action is obtained. 
Upon close analysis, the disk D' 
is seen to be no more than a face 
of the flywheel, so that it would 
not be incorrect to call this a 
iwodisk clutch. Another clutch, 
shown in Fig. 95, might well be 
called a two-jAate although it is 
spoken of as a three-plate. This 
is the clutch used on the Cadillac 
cars, made by the Cadillac Motor Company, Detroit, Mich. There 




Fig. 95. Cadillac Two-Disk Clutch. 
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are two disks faced with leather, which act against the cast-iron 
flywheel and an inserted cast-iron disk. 

Multiple Disk Clutches, The modem tendency in disk clutches, 
however, is away from those of few plates requiring a very high spring 
pressure — since the friction area is necessarily limited — towards 




Fig. 96. End View of Three-Plat© Clutch. 

the multiple disk variety, in which a very large area is obtained. This 
allows of a very light spring pressure and consequently is easier to 
engage and disengage and for this reason, it is becoming more popular 
with owners and drivers than the variety requiring the extra heavy 
effort. The construction of this type of three-plate disk clutch does 
not differ radically from one maker to another, as is shown by the 
two end views. Fig. 96 and Fig. 97. In each of these, three fingers 
are used to clutch and declutch, the amount of movement being ad- 
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justable. In both of these a single spring of large diameter and 
large sized wire is used as a source of spring pressure and cast iron 




Fig. 97. Exterior of Midland Disk Clutch and Control. 
Midland Motor Company, Moline, III. 

is the material of one-half of the clutch plates. Since the smal 
number of disks require a large spring pressure, a considerable foot 




Fig. 98. Five-Plate Clutch of Bay State Car. 

pressure is necessary to disengage. This defect has led many makers 
to take up the large number of disks, or the true multiple disk clutcji. 
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With a large number of plates and consequently a very large surface 
area, the spring pressure may be very light which makes declutching 
very easy. In the scale between the so-called three^plaie and the true 
multiple diskf there are many graduations. One at the lower end 
of the scale is seen in Fig. 98, which is the clutch of a car built in 
New England a few years ago but which is now discontinued. In 
it are used five disks, three of steel between which are two of bronze, 
the latter being fitted with cork inserts. The ability of the five disks 
of moderate diameter may be judged from the fact that the device 
was called upon to carry 40 horse-power with very low spring pressure 




Fig. 99. Dissembled Knox Clutch. 
Knox AtUomobile Company, Springfield, Mass, 

In the true multiple plate clutch, there are three general varieties 
met with in practice: the metal to metal with straight faces; the 
metal to metal with angular or other shaped faces designed to in- 
crease the holding power; and the straight face kind in which metal 
does not contact with metal, one member being either lined with 
a removable lining or else fitted with cork inserts. The latter may 
be seen with clearness in Fig. 99. This shows the clutch of the Knox 
automobiles, made by the Knox Automobile Company, Springfield, 
Mass., one of the pioneer companies. This clutch is shown dis- 
sembled, the piece at the left being the external part and carrying 
the four arms or fingers which operate the clutch. At the right is 
the housing, which in this case is the flywheel of the engine as well. 
It contains the springs, sixteen in number, small in diameter, and 
very short. Between the two may be seen the clutch plate with 
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its fifty large-sized cork inserts, the latter forming two rows around 
the outside of the plate. 

The method of fitting the clutch with cork inserts, as in this 
case, is one which almost invariably calls for the making of the one 
set of disks of steel stampings, while the other set is usually made 
of castings, bronze being given the preference. This rough descrip- 
tion aptly covers the clutch of the Stevens-Duryea Company, makers 
of the Stevens-Duryea cars, shown in Fig. 100. This firm was one 
of the first to bring out and advocate a disk clutch, which it did in 
1904, and it has been continued unchanged. 

From the very nature of the form of construction used by the 
Stevens-Duryea Company, it is impossible to have the clutch within 

the flywheel, which is the 
usual case. This method 
has the additional advan- 
tage that the central part 
within which the clutch 
is housed is very small 
in diameter, so that the 
portion of the flywheel 
between the rim and the 
clutch housing may be 
made in the form of fan 
spokes, thus converting 
it into a fan and serving 
to cool the motor better. 
Many designs follow this method, among which a few promi- 
nent examples are shown. In Fig. 101 is seen the clutch used by the 
famous French constructors, Panhard and Levassor. This is of the 
all-metal type with plane faces. In the same category is the clutch 
shown in Fig. 102, which is used on the French, Westinghouse car. 
In the former, the spring presses the member P forward jamming 
the one half of the disks against the other half, this jamming action 
transmitting the power. To throw out the clutch, the lever L moves 
backward and pulls with it the casing M, this being connected to the 
member P draws the latter out and away from the disks. The natural 
spring of the latter then asserts itself, and they free themselves. 

In Fig. 102, the disks are of smaller area, but this is more than 




Fig. 100. Stevens-Duryea Dry-Disk Clutch. 
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made up by the increased number of them, so that the total amount 
of frictional surface remains the same. D shows the series of disks 
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Fig. 103. Chalmers Flat-Disk Clutch. 
Chalmers Motor Car Company^ Detroit, Mich. 

which the spring jams together through the medium of th6 member 
P. At C may be seen one of the keys upon which the movable disks 
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Fig. 104. Lozier Disk Clutch Dissembled. 
hosier Motor Company, Plattsburg, N. Y. 

slide. The action of the spring and lever in disengaging the clutch 
is the same as in the case of Panhard. While these two clutches differ 
only in minor details, the Chalmers clutch, shown in Fig. 103, 
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is radically different. There are many plates, but they are 
plain flat disks, notched for the holding keys, half on the outer pe- 
riphery, and the other half on the inner edge. 

In the Lozier form, on the other hand, the plates are formed. 
This is a method which is very good but correspondingly expensive, 
consequently it cannot be resorted to except upon cars of the highest 
grade, selling at very high prices. Fig. 104 shows the Lozier clutch 
as used on their Little Six, 45-horse-power car. 

Differing somewhat from the others is the form of multiple 
disk clutch as used on the Scotch Argyll cars, Fig. 105. In this» it 
will be noticed that the disks are 
slightly less in number and of 
diameter to compensate for the 
loss therein. The whole interior 
of the flywheel is used up for the 
clutch, no attempt being made to 
utilize the fan spokes for cooling 
purposes. 

Increase in Power Transmit- 
ted by Surfaces not Plane. In the 
way of increasing the amount of 
power transmitted by the clutch 
for a given diameter, the same 
result is obtained either by in- 
creasing the number of plates and 
with it the amount of friction 
surface, or by altering the form of 
the surface. Several methods of 
doing this have been utilized, 
notably on the other side of the 
water. Thus, the French car, 
Ours, uses the clutch shown in 

section in Fig. 106. The disks of this clutch have a flat outer portion, 
and a conical inner portion, only the latter taking part in the trans- 
mission of power. In the disk form, then, with the disk economy 
of space, there are the advantages of the cone clutch, and the 
additive gain of running in a bath of oil. 

Another form utilizing this principle, and one that is more widely 




Fig. 105. ArsryU (Scotch) Disk Clutch. 
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used, IS that known as the Hele-Shaw, so named from its inventor, 
the famous Englishman of science, Dr. H. S. Hele-Shaw. This is 

essentially a flat disk, as 
11 — ,„,^^ shown at A, Fig. 107, 

with a ridge B at about 
the middle of the friction 
surface, this ridge con- 
sisting of a portion of the 
surface which has been 
obtruded during the 
stamping process, in such 
a way as to leave the sur- 
face of the ridge in the 
form of an angle of 
small size. The angle 
used is 35 degrees, and this value has l)een determined upon 
experimentally as the best. Fig. 107 shows a cross-section through 




Fig. 106. 



Cure (French) Combination Cone and 
Disk Clutch. 




Fig. 107. Hele-Shaw Dijsk Clutch Showing Cone Surfaces. 

an assembled clutch which reveals the clutch angle very plainly. In 
use, the ridges nest, one on top of the other; and in the extreme 
act of clutching, not only the flat surfaces but both sides of the ridge 
are in contact with the next plate. Thus, not only is the surface for 
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a given diameter increased, but the wedge shape is also taken advan- 
tage of. Smaller views of the single disks and of the complete 
clutch, dissembled to make plain its simplicity, are shown in Fig. 108 
and Fig. 109. 

A brief mention of the method pursued in the design of flat 
disk clutches will not be out of place. Consider the disk to be used 




Fig. 108. ^ Fig. 109. 

Dissembled Hele-Shaw Clutch. 

as an annular ring having an internal radius r^, and external radius r,. 
If / is the coeflBcient of friction, n the number of disks, and p the 
specific pressure normal to the friction surfaces as distinguished from 
the spring pressure, then by certain theoretical considerations involv- 
ing integral calculus, it is found that the moment M of the clutch 
around the center will be as follows : 

3f , total - Pf'^(''-^^ (r/ - r,») in foot pounds 

lo 

In use the factor p is found first, by figuring the area of the whole 
surface and dividing the spring pressure by it, thus 
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Area - tt (r/ — r^) 
and the specific pressure is 

spring pressure 

Knowing the material, the coefficient of friction is known, and there- 
fore everything is known but the number of plates and their size. 
By trial the size may be selected, from which the number is easily 
figured using the above formulae. Care should be taken in their 
use to add 1 when the number of plates comes out with a decimal or 
fractional quantity. In the use of a formula like the preceding 
one, it is always assumed that the power is known at some specific 
speed. This being the case, the total torque, which is divided by 
the total moment to find the number of the plates to use, is 

r, total --^/ X ^f^ 

2 TT X speed 

Hydraulic Clutches. All of the methods of engaging and dis- 
engaging the engine at will, as discussed before, have been of a me- 
chanical nature. The hydraulic clutch, on the other hand, par- 
takes more of the fluid nature, although semi-mechanical, i. e., 




Fig. 110. Stilson Hydraulic Clutch. 
Stilson Car Company, Pillsfield, Mass. 

operated by mechanical means. Ordinarily it is in the nature 
of a pump with a by-pass, the pump working at ordinary 
speeds to force the heavy liquid, usually glycerine, through 
the by-pass. To clutch up tightly, however, the by-pass is closed 
and the liquid being unable to circulate while the pump continues 
to operate, the whole device is rotated as a unit. In this case it 
operates just as any other clutch*, but due to the sluggish action of 
the fluid it is slower to respond. Then, too, there is always present 
the grave question of leakage, since the smallest leak puts the 
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clutch entirely out of use. These disadvantages, together with the 
necessary complications, have retarded the development of the 
hydraulic form so that there are few of them in use today. In the 
clutch shown in Fig. 110, a spider is fast to the engine shaft and 
carries two spur gears B B, These are constantly in mesh with C 
which is fast to the driven shaft. The space surrounding these gears 
is filled with oil, which is pumped around by the rotation of the gears. 
Several valves, one of which is shown at J9, allow the oil to circulate 
freely. Under these circumstances, the pinions on the crank shaft 
nm around the gear on the driven shaft and transmit no motion to 
the latter. These valves are held open by springs, but by the opera- 




Fig. 111. Pambla Hydraulic Clutch. 
North Chicago Machine Workt, North Chicago. 

tion of the foot pedal, a cone is brought forward which presses against 
the heads of the valves, closing them. Partly closed, the pinions 
drive the gear slowly because of the resistance which the liquid offers, 
and when wholly closed, the transmission shaft is driven at full speed 
with very little loss since the fluid is not very compressible. This 
clutch, made by the Stilson Motor Car Company, Pittsfield, Mass., 
was designed for the car known to the trade as the Stilson Six. 

Another clutch designed with the same idea, but worked out 
in a far different manner is that of the North Chicago Machine 
Company, North Chicago, HI., and shown in Fig. 111. This clutch 
is more complicated and has many more parts than the Stilson clutch, 
but has the advantage of having seen more severe trials and more 
actual service. It acts as does the Stilson, oil normally passing 
through passages when the clutch is out, but when, prevented from 
passing, the whole mechanism turns as a unit. The prevention of 
the liquid passing is accomplished by an eccentric device not very 
different from a vane type of water pump, the method of throwing it 
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into and out of engagement l)eing very complicated. Fig. Ill shows 
all of the parts and a study of it will reveal the complete action. 

Magnetic Clutch. All of the foregoing clutches present in one 
form or another very complicated devices for freeing the transmission 
shaft from the engine shaft, but the magnetic clutch is a device 

which has simplicity for 
its foremost argument. 
The magnetic clutch, or, 
as the makers prefer to 
call it, the magnetic 
accelerator, as shown in 
Fig. 112, is the product 
of the Cutler-Hammer 
Electric Company, Mil- 
waukee, Wis. It consists 
primarily of three parts: 
the field, usually in the 
form of a ring, the arma- 
ture A always of ring 
shape, and the oil casing 
C shaped to accommo- 
date the other parts, its 
function being that of a 
cover simply. The arma- 
ture ^ is a simple cast- 
iron plate of rectangular 
section adapted to be 
drawn into engagement 
with the field when the 
latter is energized. 

The field, on the other 
hand, is made up of the 
back plate D, the inner E and outer F field rings, the magnetizing 
coil By and the contact rings (not shown). In operation, the accelera- 
tor is energized by closing the electrical circuit which sends a current 
through the field B, This magnetism attracts the armature A which 
then moves laterally (to the left), closing the very small gap between 
the two. The oil in which the whole clutch works prevents it from 




Fig. 112. Section of Cutler-Hammer Ma^etic Clutch. 
CtUler- Hammer Electric Company^ Milwaukee, Wis. 
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taking hold suddenly, or gripping, but as this oil film on the two sur- 
faces b gradually squeezed out, the clutch as gradually takes hold. 
The result b the smooth, easy start so much desired with any form 
of clutch. A very recent car built in France — the Ampere — ^uses this 
construction exclusively, the master clutch being dbpensed with in 
favor of an individual clutch transmission, the clutches being mag- 
netically operated as just described. In addition, the differential 
is dispensed with, and in its place b used a pair of magnetic clutches, 
one for each wheel. The differential action is obtained on curves 
by decreasing the current to the clutch on the inner wheel up to a 
certain point at which it is cut off entirely. This gradual reduction 
and cutting off of the current is accomplished automatically by the 
movement of the steering wheel, so that the driver does not both^ 
about it any more than on any other car. 

TRANSMISSION 

Primarily the clutch is used to allow the use of change-speed 
gearing; or, stated in the reverse way, the form of the transmission 
determines whether a clutch must be used or not, there being cases 
in which it b not used. Thus, where the frictional form of trans- 
mission b used, no clutch b necessary, the frictional disks acting as 
a clutch and rendering another one superfluous. So, too, with the 
form of transmission known as the planetary gear^ no master clutch 
is needed. 

On the other hand, the reverse of this does not always hold. 
Any form of clutch may be used with the various other forms of 
transmission, as the sliding gear; in fact, in actual practice every 
known kind of a clutch will be found coupled with the sliding gear 
transmission. 

Broadly considered, there are five classes into which all trans- 
missions may be placed. In cases where the use of any one of these 
forms eliminates the final drive, this from its very nature does not alter 
the facts, but simply calls for a different and more detailed treatment. 
The five classes are: 

{Selective 
Progressive 
Semi-selective 
2. Individual clutch 
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4. Friction disk 



5. Miscellaneous 



Planetary or epicyclic 

" Four spurs 
Three spurs 
Two spurs 
Four bevels 
Three beveb 
Two bevels 

^ One bevel and one spur 
r Belt and cables 
j Hydraulic 
-< Electric 

Combinations of two or more of the 
others 

Sliding Gear. In the first class the three subdivisions are not 
very closely marked but blend soniewhat into one another; at least, 

the first and third do, 
and these with the second 
to a lesser extent. The 
only real difference 
among the three is the 
method of operation, the 
three being named each 
after its own mode of gear 
shifting. Thus, in it se- 
lective gear set, it is pos- 
sible to "select" any one 
speed and change directly in to it without going through any other. So, 
too, in the progressive form of transmission the act of changing gears is 
a "progressive" one, from the lowest up to the highest, and vice versd. 
This leads to a number of bothersome occurrences; thus, in 
stopping it is necessary to gear down through all of the higher speeds 
into low. If this is not done, when it is next desired to start the car 
it will be necessary to start the engine, throw in the clutch, drop from 
the gear in mesh to the next lower, from that to the next, and so on 
down to low, throwing the clutch out and in for each change of 
speed. When this is reached, the car may be started. After 
starting, it is then necessary in order to obtain any measurable speed 
with the car, to change back up the list, from low to second, frow 




Fig. 113. 



Panhard (French) 22-H. P. 
Transmission. 



Progrressive 
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Panhard 32-H. P. 
Transmiflsioii . 



second to third, and so forth. In this way the progressive gear is 
disadvantageous, since its use means much gear shifting; but, on the 
other hand, the shifting 
is very easy for the novice 
to learn, as it is a con- 
tinuous process, all in 
one direction to increase 
speed and all in the other 
direction to decrease. 

Selective Type. 
With the selective method 
of changing gears, this 
prolonged process is not 
needful, as it is possible to change at once to the desired gear 
without passing through any other. Of coiu^e, the car will not start 
on the high gear any more than in the other case, but shifting into 
low for starting purposes is but a single action accomplished quicker 
than it can be told. So, too, when the car has been started, it can 

be allowed to attain quite 
^^T-SS*^^ ^^ -_ ^ f^ir speed and the 

change to high made at 
once without going 
through second and the 
other gears. 

Progressive Type. 
Progressive gears, 
often called after the 
originator of the system, 
Panhard gears, are said 
to operate on the Pan- 
hard system. In Fig. 
113 is shown the Pan- 
hard transmission for a car of 22 horse-power, and in Fig. 114, 
the Panhard gears for a car powered with a 110 nam. by 140 mm. 
engine rated at 32 horse-power. Both of these are four-speed trans- 
mission and to show graphically one big disan vantage claimed 
against this form as in favor of the selectively operated gears, Fig. 
115 and Fig. 116 are given. These represent respectively the four- 




Fig. 115. 



Mercedes ((German) 22-H. 
Transmission. 



P. Selective 
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speed transmission used in the Mercedes cars of approximately equal 
power to the two Panhards just described; viz, four cylinders, 80 mm. 

by 110 nmi. for the first 
figure, and four cylinders, 
100 nmi. by 125. mm. for 
the latter. The diflPerence 
in the overall length of 
the two is immediately 
noticeable, yet the only 
other diflPerence is that 
the Panhards are opera- 
ted progressively and the 
German cars selectively. 
Panhard is not alone 
in his belief that the pro- 




Fig, 116. 



Mercedes 32-H. P. Selective 
Transmission. 



gressive method of shifting is the method, as is shown in the use of 
the same form by a number of the best of American manufacturers. 
Thus, the gear box shown in Fig. 117 is that used in the Royal cars, 

made by the Royal Motor 
Car Company, Cleveland, 
Ohio, and works progress- 
ively. In this gearset three 
speeds are secured, the 
reverse being brought into 
play by dropping another 
and a separate gear into 
mesh with two of the sliding 
train when the same is in 
an otherwise neutral pasi- 
tion. 

Stevens-Duryea is an- 
other prominent advocate 
of progression. Fig. 118 is 
the Stevens small gear box, 
and Fig. 119 shows how the 
whole outfit looks when 
partly dissembled. The 
first figure shows the single 




Flf?. 117. Royal Motor Gar Company 
Progressive Gearset. 
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Fig. 118. Stevens-Duryea Progressive Gears. 

shifting unit attached to the shifting lever. In the second illustrar 
tion, the sliding member just spoken of is seen at H9, while HS 
indicates a pair of the gears, the smaller one of the two carrying the 
four-jawed clutch into which the corresponding clutch on the slider 
moves to make the direct drive on high speed. Fig. 120 illustrates 




Fig. 119. Stevens-Duryea Gear Box Sliowing Parts. 
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the extent to which the matter of simplification may be carried with 
this form. Jn Fig. 121, on the other hand, is seen an excellent ex- 
ample of a well worked-out four-speed, semi-selective gear. 




Fig. 120. Simplicity the Keynote of Progrressive Transmission. 

Semi-Selective Type, Fig. 122 shows the three-speed and reverse 
transmission of the Winton automobiles, made by the Winton Motor 
Carriage Company, Cleveland, Ohio. The operation of this is as 
follows: there are two sliding members — the single gear A and the 




Fig. 121. Chadwick's Mercedes Type of Transmission. 

double gear B, The former is moved forward and back by the 
sliding of the rod C which carries the lever G, the latter being connected 
to the gear in question. Gear B is similarly actuated by lever 
F and rod P. When rod D is moved forward (to the right) as far 
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as possible, the gear cut on its forward face meshes with the internal 
gear cut inside of gear L, The former being keyed to the shaft, 
while the latter is driven from the engine, this gives the direct drive, 
and is the highest speed. Moving this same rod D back far enough 
meshes gear B with gear J; the drive is then L to K, J to B. When 
rod C is advanced slightly from the position shown, it engages gear 
A with gear /, when the drive is L to K, I to A. This is the third or 
slowest speed. Moving this rod as far back as possible brings gear 




Fig. 122. Winton Three-Speed Selective Transmission. 
WirUon Motor Car Company, Cleveland, Okie. 

A opposite gear H, but in mesh with another gear not shown, which 
is in mesh with H, This, then, gives the reverse speed. 

Slightly different from this is the transmission of the 15-30 
Steams — made by the F. B. Steams Motor Company, Cleveland, 
Ohio — due to the fact that in the latter case, the transmission is made 
a unit with the rear axle and differential. Of the two views shown 
in Fig. 123, the upper one is a section in a vertical plane, while the 
lower is a section in a horizontal plane. In the upper view, it will 
be noticed that the two sliding members A and B are located on 
different shafts, instead of on the same shaft as in the previous case. 
It is also apparent that both slide, not on round shafts held in place 
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by keys, but on squared shafts as at C and D. The sliding member 
B carries the gear J, and at its front end an internal gear M. This 
meshes with a similar gear extension on gear E, giving direct drive 
which is also the high speed. Sliding backward so as to mesh this 
with gear G, gives second speed, through E, F, G, and J. When the 
other sliding gear A is moved back so that / meshes with K, the 




Fig. 123. Stearns Compact Transmission for 1&-30-H. P. Models. 

third speed is obtained through £, F, /, and K. When moved back 
so that gear H meshes with L, another gear N on the same shaft 
meshing with K gives the reverse, thus, E, F, H, L, N, and K, 

To separate the diflFerential case and the gear box is apparently 
a simplification, as Fig. 124 shows when compared with Fig. 125. 
The former is the transmission of the Pullman car made by the Pull- 
man Motor Car Company, York, Pa. In this also, are two sliding 
members, both on the same shaft. One slides forward for high 
speed, direct drive, and backward for second speed, while the other 
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has three positions, for third, fourth, and reverse speeds. The first 
is obtained by drawing to the right so as to mesh with the third gear 
on the lay shaft, while the last gear on the same shaft gives slow or 
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Fig. 124. Pullman Four-Speed Selective Transmission. 

fourth speed. Continuing the backward movement brings the 
larger gear of the sliding pair into mesh with a gear on another shaft, 
seen below the lay shaft, which results in reverse. 




Fig. 125. Tincher Selective Transmission. 



In Fig. 125 is shown a Mercedes type of gear for a chain-driven 
car, this being a very high-grade piece of mechanism made from the 
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strongest and best material obtainable and finished in the finest 
manner. The view is such as to preclude the possibility of explain- 
ing the shifting mechanism, but this is about the same as in the 
preceding example. 

A great difference between two products from the shop of one 
maker is often noticeable. Thus, Fig^. 126 shows the four-speed 
gear box of the Steams 30-60 and 45-90 horse-power models. 
Comparing it with Fig. 123 the differea^e is q,t once seen. In 
operation, however, this is like the transmission just described. 

Fig. 127 shows only the gears, shaffts, and bearings of the three- 
speed Knox transmission which is used in all the high-powered tour- 
ing cars made by the Knox Automobile Company, Springfield, Mass. 




Fig. 126. Steams Four-Speed. Selective Transmission. 

The short, stubby shafts of very wide, long-wearing faces will be 
noticed, as will also the idler gear which serves to reverse the 
direction of the drive. The end to the left is the driving or engine 
end, while at the right is the driven or rear axle end. In the fore- 
ground are shown the double row ball bearings, whicTi not only take 
the radial load, but carry thrust as well. This is a very simple and 
well-made transmission. 

Just for comparison with the domestic product, the transmission 
of a famous German car is shown in Fig. 128, this being from the 
Horch, winner of the Herkomer tour of 1909. High speed is obtained 
with direct drive by meshing gears A and D, through a gear not 
shown, cut in the face of A, Second is obtained by the combina- 
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tion A, B, C, and E. Third is given by ^, 5, F, and G. Fourth 
is produced hy A, B, i/, and /, while a still further movement to the 




^A i^o 



Fig. 127. Gears and Bearings of Three-Speed Knox Transmission. 
Knox Automobile Company, Springfield, Mass. 

right of this second train gives the reverse. Attention is specifically 
called to the device for throwing the lay shaft out of gear when the 




Fig. 128. Horch (German) Selective Transmission. 

high speed is engaged, this resulting in no gears running on the direct 
drive, that is to say no gears meshing face to face. The result is 
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an absolute lack of gear-box noises on high speed. High speed is 
effected by the final movement of the shifting rod to the left which 
actuates the high gear The partial worm engages a sector so 
pivoted in the middle as to slide the gear B to the right, and enough 
to throw it out of mesh with A, 'when the shaft is moved so as to 
introduce gear or rather jaw clutch D into its mate within A, 

Another chain-driven car's gear box is shown in Fig. 129, illus- 
trating the Locomobile product made in Bridgeport, Conn, by the 
Locomobile Company of America. This is not widely different 
from several previously shown, nor is its operation. Special atten- 




Fig. 129. Gear Box, Differential, and Brake of Chain-Driven Locomobile. 

tion is called to the method of manufacturing the gears. These 
consist of simple rings of metal, carrying the teeth, as A, B, and C, 
bolted up to flanges, as D and E, which are made integral with the 
shafts. In this way, the cost of the shaft is only slightly increased 
while that of the gears is reduced to a small fraction of the 
former cost. Moreover, replacement in case of accident is made 
much cheaper, and actual work of replacement is also lessened. 
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This method of producing gears and shafts for gear boxes is meeting 
with increased favor. 

In all of these transmissions but one reverse is provided, which 
is a comparatively simple matter. When it comes to railway cars, 
however, it is necessary to have all speeds operate in both directions, 
i. e., having as many reverse speeds as forward, and in consequence 
additional and different gearing is a necessity. In Fig. 130 is shown 
an example of this, being one of the transmissions used by the Shef- 




Fig. 130. Form of G«ar for Gasoline Railway Car. 

field Car Company, Three Rivers, Mich., in their gasoline-driven 
railway cars. The driving bevel, faintly seen at A 'nstead of driving 
but one bevel as is usual, drives two, C and D. Each one of these 
is free on the shaft, being bushed to reduce wear, but between the 
two is a sliding member B with jaw clutches formed on both faces. 
This slides on a squared shaft, and the jaw clutches match jaw clutches 
formed in the inside face of the two driven bevels. When slid to 
the right, then, B engages with jaw clutches in gear D, and thus 
drives it. If then the gear box gives three speeds, all three may 
drive through this combination, giving the forward speeds. If it 
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is desired to drive in the other direction, the clutch member B is 
slid out of mesh with D and into mesh with C, thus reversing the 
direction of motion, and the direction of all speeds. 

More than this, there are many possibilities in the placing of 
the various units. The forward position of the engine has now be- 
come universal, but the same cannot be said for the transmission. 
This unit, on the contrary, is placed in every conceivable position 
from an integral part of the engine rear end to a part of the rear axle 
and differential housing. Fig. 131 shows an example of the latter 




Fig. 131. Tnmsmission Combined with the Differen- 
tial on the Rear Axle. 

form of placing. This niakes a very simple looking form, but such 
is not always the case, as shown in Fig. 132. 

Individual Clutch. While the number of adherents to the in- 
dividual clutch type of transmisision is not as great as that of either 
the progressive or selective types of sliding gear, still it holds its 
own; and, in fact, as time passes, it gains adherents. In this form, 
all of the gears are in mesh at all times, and what has been called 
the barbarous and unmechanical method of clashing gears is entirely 
done away with. The individual clutch type is operated on the 
selective plan; but otherwise has nothing in common with the latter. 



246 

Digitized by 



Google 



AUTOMOBILE MECHANISMS 



111 



The forms of clutches used vary greatly, as might be expected. 
The following are in use today: jaw clutches (both two, and mul- 




Fig. 132. Rider-Lewis Transmission and Differential. 

tiple jaw); internal-external gears; multiple disk; cone; and friction 
clutches other than the multiple disk form. One type in which the 
gears are thrown into engagement by means of internal dogs, the 
gears being in mesh at all times is shown in Fig. 133. There are 




Fig. 133. Berkshire Individual Type of Change Gear. 

four sets of gears, those on the main shaft being keyed or otherwise 
fixed to the shaft, while the gears on the jack shaft run idle except 
when the gear shifting lever is moved forward to an engaging posi- 
tion, which movement throws an internal dog up into a slot inside 
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of the gear. This makes the gear one with the shaft, and so, the 
power is transmitted. The dogs in the latest form of this trans- 
mission take the form of hardened and ground steel balls. This 




Fig. 134. Welch Individual Disk Clutch Transmission. 
Wdeh Motor Car Company, PontiaCt Mich. 

type of gear is made by the Berkshire Autocar Company, Pittsfield, 
Mass., for their four-cylinder touring car. 

An equally interesting but very similar type in principle is that 
shown in Fig. 134, the transmission formerly used by the Welch 
Motor Car Company, Pontiac, Mich. In this, disk clutches are 
used to engage the various gears as desired. Not very different 
is the gearset used at one time on the Oxford car, Fig. 135. It 




Fig. 135. Oxford Disk Clutch. 

affords but two forward speeds and a reverse. This number of 
speeds has doubtless held back the general use of the individual 
clutch type of transmission, since, with a large number of speeds, 
the gear box becomes both bulky and heavy. 

While the advocates of disks for this use are numerous, the other 
devices do not lack for friends. Fig. 136 shows a form that, 
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Early Form of Haynes Olutch Ge&rset. 



on the Haynes-Apperson cars, attained much popularity. In it, 
the clutching action is produced by means of contracting bands, 
working on large diameter drums, the latter being keyed each to 
its own gear. The full 

explanation of the action -^ - ^ n—r^ ^i 

is as follows: The engine 
drives the shaft A, upon 
which are mounted the 
gears C, D, E, and F. 
These are all perma- 
nently fixed to the shaft 
and rotate with it. Upon 
the driven shaft B are 
mounted another equal 
number of gears, meshing with the former, but all loose upon the 
shaft, so as to spin idly. Bolted to each one of the latter is a large 
drum, while close to it is a framing upon which is mounted a con- 
tracting band. The latter framing is keyed to the shaft, so that 
when it is rotated the shaft must turn with it. In action then, 
when any speed was 
desired, the band was 
contracted until it seized 
the drum bolted to the 
gear which gave that 
speed, when the gear, 
drum, band, and fram- 
ing all turned as a single 
piece. As the gear was 
positively driven from 
the engine and the 
framing was keyed to the lay shaft, the desired reduction of speed 
resulted. 

Winton long advocated the individual clutch gear, his clutch 
taking the form of a single disk, pressed against the gear by means of 
numerous fingers. Fig. 137. A conical sliding piece G, or J, expanded 
the fingers pivoted on M and H so that they pressed against the disk 
within the gears D, K, or N. This form is seen in Fig. 137. Many 
of these date back several years, but the gear illustrated in Fig. 138 




Fig. 137. 



Early Form of Winton Individual 
Clutch Transmiflsion. 
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IS a very up-to-date one, being used today on all of the cars put out 
by the Mack Brothers Motor Caj Company, Allentown, Pa. More 
than this, it is used for the most severe service possible, viz, for com- 
mercial vehicles, which constitute the whole output of this firm. 

As the drawing shows, the principle upon which it works is that 
of the internal-external gear. The gears which transmit the power 
are always in mesh. Each one of these is bushed and nms idly upon 
the main shaft Contained within each and an integral part, is an 
internal gear of twenty-four teeth. Sliding on the squared shaft are 
four twenty-four teeth gears, these being specially built for easy 
engaging with the internally cut gears. In operation, any one may 
be slid into its corresponding gear without going through any otha:. 
These being very small and light, have no inertia as would a large, 
heavy gear with as broad a face as is necessary for this severe service. 
In actual continuous service, this form has proved its worth. 

To follow the letters placed on the parts of this gear, high speed 
is obtained by sliding the piece 2-0-31 forward into gear 2-C-34, 
which action swings the piece shown dotted beneath, so as to throw 
out clutch on the lay shaft 2-C-52. On high speed, the two gears 
locked together are the only ones to turn, all others being idle. The 
same piece, 2-C-31, when slid to the right meshes with the internal 
gear of the second speed pinion 2-C-160. This sliding member 
slides upon a squared shaft, so the drive is positive. The action of 
the third or slow speed and reverse are the same as those just de- 
scribed, being produced by the shifting of the clutch member 2-C-66. 
Attention is called to the ball bearings used on this transmission, 
which are only remarkable when it is remembered that this is a com- 
mercial truck transmission. Students of automobile construction 
will find many interesting constructional details in this illustration 
which is a reproduction of the manufactiurers' working drawing. 

Still another similar form uses three cone clutches in the trans- 
mission, that for the high speed being augmented by a set of pins 
or dogs, which, as the clutch gradually takes hold, slip mto an equal 
number of holes in the driven gear. In this way, the two are made 
as one, which makes slipping impossible, a very important feature 
on the high gear. 

Planetary Gears. The planetary, or epicydic, form of gearing 
offers many advantages, but, strange to say, the American people. 
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although inclined towards simplicity and cheapness in combination, 
will not have it in this form, and, as a consequence, this excellent 
gear reducing means is fast falling into disrepute. Fig. 139 and Fig. 




Fig. 139. Amembie^ Planetary Tnmsmission of the Rapid 
Company. 

140 show an exterior and an interior view of the planetary gear as 
worked out for use on the Rapid conmiercial cars, built by the Rapid 
Motor Vehicle Company, Pontiac, Mich. The principle upon which 
all planetaries work is as follows: Connected to the engine is the 

first gear of the tram. The 
second is one of a series of 
several, these being pivoted 
in a drum which may be 
held stationary by a brake 
band. The middle or third 
in the train, as well as the 
last or fourth, is connected 
to another gear, a driven 
gear not a driver. Con- 
sidering but a single rota- 
ting train (there usually are 
three or more), the last- 
named gears form the fifth and sixth in the whole train. Gears two, 
three, and four are all of different numbers of teeth, as well as 
Ihe gears one, five, and six. Holding the band which holds the 
drum to which the gears are pivoted allows them to rotate around 
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Fig. 140. Partial Section of Rapid 
Planetary Transmission. 
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their own axis buJt not around the main shaft. This form of rotation 
gives one gear reduction. 

Holding another band holds another gear stationary and allows 
the three-gear unit to rotate around the main shaft as an axi^, while 
at the same time it leaves them free to also rotate around their own 
axis. This produces another gear reduction. Another form which 
is popular in so far as planetary gears are popular, is that in which 




Fig. 141. Two-Speed Planetary for Railway Oars. 
ShejgUdd Car Company, Three Rivers^ Mich» 

internal gears are substituted for one set of the planets, from which 
the device obtained its name. This does not complicate the device 
any; in fact, the only way in which it makes any change is in the 
manufacturing cost of the gear, internals costing more than spur 
gears. In Fig. 141 is seen a form of planetary gear, in which no 
reverse is provided because the work was such as to call for all speeds 
in both directions. This necessitated the use of a bevel gear reverse, 
through which the final drive was taken. As the drawing shows, this 
simplified the transmission very much. There is the crank-shaft gear 
A near to the flywheel F, which gear is in mesh with a series of three 
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pinions B B, two only being shown. %The latter are made an integral 
part with other smaller pinions C C, which mesh with another gear D 
fast to the driven shaft G. The drum // holds the two ends of the 
shaft on which the planet pinions B and C rotate. This prevents 
them from turning about the main or crank-shaft axis /, but when 
the engine is driving them they are forced to rotate on their own 

axis E. The result of this is to 
drive the final shaft G in the 
reduction ratio of the two pairs 
of gears ^ to JJ and C to D. 
Thus, suppose the gears to be 
of the following number of teeth, 
which is not far from the actual 
case: crank-shaft gear A, 18 
teeth; larger pinion B, 24 teeth; 
smaller pinion C, 15 teeth; final 
driven gear D, 27 teeth. If the 
crank shaft I turns over, say, 
1,000 revolutions per minute, 
the pinion shaft will be turned 
1 ,000 X 18 divided by 24, or 750 
revolutions. The smaller pinion 
also turns over 750 and imparts 
to the final gear a rotation of 750 
Pig. 142. Duryea Planetary Gear. >< jg jj^.jj^ ^y 27, or 417 

revolutions per minute. This is the low speed. 

Now, to obtain the high speed the sliding cone J at the left is 
moved over the expanding levers, which serve to push the whole 
system of gearing over against the flywheel, the disks L and M (running 
in oil) acting as a clutch, which finally takes hold, and the whole 
mechanism rotates as a unit, at crank-shaft speed. 

In Fig. 142 is shown another form of planetary transmission, 
which at first sight appears different. Upon closer analysis, how- 
ever, this is found to be exactly like any other planetary trans- 
mission in principle, the working out of which differs with every 
form. This is the Duryea gear, used for many years and with good 
success on the Duryea carriages. 

Fig. 143 illustrates another planetary gear, this one being cut 
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for show purposes. It shows the workings of this kind of gearset 
very clearly. As before stated, one of the faults of this method 
'of transmitting power is that no more than three speeds, one of them 
a reverse, can be obtained, without complications which far over- 
shadow their usefulness. So, it has come to be accepted as a fact 
that the limitation of the planetary is but two speeds. Inventors 
have worked on the problem, however, not always with failure as 
their portion. Thus, Fig. 144 shows one solution of the problem. 
This is called the F, R. V, semir-planetary transmission by its in- 
ventor, C. R. Radcliflfe, of New'^York City, from the fact that the 




FiK. 143. Section Through Actual Transmteiom. 

action is not wholly that of the epicyclic gear, but partakes also of 
the nature of a sliding gear, i. e., on some speeds, the case rotates, 
while on others, it is stationary and gears inside are shifted. Although 
not used very extensively, it is said to be successful. 

Of the same general form but operating differently is the trans- 
mission of the Auto Thresher Company, Hutchinson, Kansas. This 
is shown in Fig. 145 and Fig. 146, the former showing it assembled 
and ready for use, while in the latter it is drawn out to display the 
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component parts. It was developed for use primarily on tracticm 
engines, and being proportioned for such heavy, rough work should 




Fig. 144. Radcliffe Semi-Planetary Transmission. 

not be compared with other transmission of the same class designed 
and built to be used .on lighter and more dainty automobiles. 




FiK. 145. Semi- Planetary Transmission. 
Aulo-Thrasher Company, Hutchinson, Kansas, 
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Friction Disl<. Undoubtedly when simplicity is sought after, 
regardless of cost, the friction drive is the drive used. The cost 
with this form is not one of money, but rather of other things which 
must be sacrificed if friction drive is used. 

Spur Type. In the interest of simplicity, it may be said that 
the friction form of drive dispenses with the clutch, being of itself 
both clutch and change speed gear. The usual form which this 
takes is the single spur wheel contacting with another flat-faced 
wheel. Since these must be at right angles, the car b nearly always 
a chain-driven one, the driving wheel being on the rear end of the 
crank shaft, and the driven shaft across the middle of the car. To 
secure a more certain drive and at the same time obtain the 




Fig. 146. Auto-Thrasher Transmission Showing Parts. 

differential action, the cross shaft is often fitted with a pair of 
wheels, contacting with opposite sides of the driver, and mounted 
upon two independent shafts. As this method causes the two driven 
shafts to turn in opposite directions, a gear is necessary at one end 
of one of them. 

A very up-to-date application of the friction drive to a live rear 
axle, and showing incidentally the point just mentioned, is illustrated 
in Fig. 147. This is the rear axle of the S. P. M. A., a French car, 
in which a propeller shaft drives back to the rear axle upon which 
is mounted the friction transmission. In the latter there are three 
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wheeb: a small driver A, and a large pair of driven v^rheels B and C. 
The latter, as v^ras just explained, are driven in opposite directions 
but this is corrected at the outer ends where the final drive is located, 
the axle being of the full floating type. At these ends a gear drive 
is placed but the change of direction is obtained by the use of a spur 
gear D drivmg another spur E at one end and an internal gear G 
driven by a spur gear F at the other. 

The greatest feature of the friction drive is the number of speeds 
obtainable, these being infinite in number, since every Afferent 
position of the driven wheel on the driver results in a different ratio 
and, consequently, a different speed. To obtain these various changes, 
the wheel which meets the other 
edge on, is usually arranged to be 
advanced up to and withdrawn 
from the wheel presenting the flat 
surface. In action, a motion of 
translation is given to the wheel at 
the same time as the motion up 
to or away from the surface. This 
motion of translation changes its 
position and consequently its speed. 

Over the three-wheel arrange- 
ment, the use of foiu* possesses 
some undeniable advantages, par- 
ticularly if the two parallel driving 
wheeb are arranged to drive the others in pairs. This achieves the 
result that the direction of rotation of the wheels is alike, and no 
intermediate gear to chaiige the direction of one shaft is needed. In 
Fig. 148 it may be seen that the two cross shafts do not line up exactly, 
the one at the right being set slightiy in front of the left one. This 
keeps the right-hand friction out of engagement with the rear driver, 
and the left out of contact with the forward driving wheel. The two 
driven wheeb must be shifted together, or otherwise, a different 
speed will he produced in the two rear wheels. A simplification of 
this utilizes the flywheel of the engine as the forward driving disk. 

Bevel Type. Bevels have much to commend them as opjxKsed 
to the spur friction wheel. They are found in combinations, such as 
a single pair of l>evels, three, and in multiple combinations, without 




148. Four-Disk Friction 
Transmiasion. 
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limit to the number. Fig. 149 shows the use of a single pair, but 
in combination with a flat face on one and a spur attached to the 

other, making the whole 
consist of four wheels in 
reality. This is the 
drive as used on the 
Metz cars, particularly 
their small conunerdal 
cars. 

In Fig. 150 is presented 
another combination — 
three bevels, one of them 
with a flat face and a 
spin*, making really five 
wheels — ^in which are 
many novel features in 
that the spur wheel in 
every case takes the final 
diive, and also, in that a 
direct drive on the high 
gear b obtained by the use of a cone clutch on this spin*, and another 
with which it engages on the driving wheel. One bevel gives for- 
ward speeds and through the other the various reverses are gained. 

Multiple bevels are 
used exclusively in the 
drive of the Meiselbach 
commercial cars, made 
in Milwaukee, Wis., Fig. 
151. Seven bevels are 
necessary here — three 
separate drivers, and 
four different driven 
ones being provided. 
Bevel E gives the low 
speed forward, the two 




Fig. 149. Friction Transmission with Bevels. 




Friction Transmission with Three 
Sets of Bevels. 



large wheels in every case being driven oppositely, which is corrected 
by the use of spur gears L. D gives the high speed, and C, closest 
to the engine, the reverse, which is of equal speed with the low* 
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A similar but more complicated device, the transmission used 
by the Parr Motor Truck Company, Pittsburg, Pa., upon their com- 
mercial cars, is shown in Fig. 
152. In this two parallel shafts 
are used, these being geared from 
the crank-shaft extension by 
means of equal sized gears, shown 
at the left Upon each of the 
two shafts is mounted three 
bevels, two of one size, and one 
smaller. These may be brought 
into contact with three similar 
surfaces on the driven disks, to 
which are attached the driving 
sprockets, the cars being double 
chain driven. By meshing the 
forward pair of frictions, the 
car is driven backwards; when the rear pair are utilized the result 
is slow speed forward; and the middle wheels give high speed forward. 
Except to eliminate the small spur gear, it is hard to see the advan- 




Transmission of the Meiselbach 
Oommerciai Oar. 




Fig. 152. Multiple Bevel Arrangement. 
Parr Wagon Company, Pittaburg, Pa. 



tages of this over the other, whereas its additional complications are 
self-evident. There may be other and different combinations of 
friction driving devices, but it is not the aim of this article to go into 
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Fig. 159. Section Through Motor of the Janney- 
Williams Hydraulic Transmiagion. 



the detaib of every drive under the sun, but only the principal ones, 
and those in most common use. 

Miscellaneous Types. Freak Drives. What are termed the 
freak drives attract much attention from inventors but little from 

hard-headed construc- 
tors. Thus, the belt 
drive was once advanced 
as the simple drive, yet 
it made no progress. 
Today there are prac- 
tically no belts used for 
final driving in America, 
although a few are still 
made on the other side. 
There is a French car, Fouillaron, of low price, with this drive, and 
a single-cylinder Italian car, the Otav, selling for the equivalent of 
$150, is also so equipped. 

Cable Driving. Cable driving has in the past attracted many 

in the motor buggy field, but 
today it is losing its popularity, 
and is fast being replaced by the 
chain. 

Hydraulic Gear. Of late years 
the hydraulic transmission has 
been advanced as a cure for all 
automobile troubles, representing 
as it does the elimination of 
clutch, differential, and the driv- 
ing mechanism. It consists of a 
pump to circulate the fluid, and 
one or two motors to be propelled 
by the same, usually attached to 
the rear wheels. In the Janney- 
Williams hydraulic gear, which 
has been successfully used for some time in other fields, but has 
just recently been tried for automobiles in England, there are three 
similar pumps, one being used as a pump and the other two as 
motors. Fig. 153 shows a section through this; Fig. 154, the worm 




Fig. 154. Worm Gear in Janney- Williams 
Hydraulic Transmission. 
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drive for it; and Fig. 155, the general arrangement of the drive, the 
engine end being the same as in any other case. By rotating the 
driving ring, shown inclined in Fig. 153, so that it assumes different 




Fig. 155. G^eral Scheme of Janney-WiUiams Hydraulic Oear. 



angular positions, the throw of the small pistons, of which there are 
nine in all, is varied from zero up to a maximum. Since the action 




Fig. 156. Manly Fluid Tranmniasion with Multiple-Cylinder Arrangement. 

of the fluid in the motors connected to the wheels is just the opposite 
of this, it is equivalent to varying the speed, the number of changes 
being infinite as in friction gearing. The worm drive. Fig. 154, 
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Fig. 157. Section of Manly Drive. 



governs the speed changes, a rotation of the shaft moving the 
driving plate and changing the speed of the vehicle. 

Another hydraulic drive of equal merit and of American manu- 
facture, is the Manly, Fig. 156 and Fig. 157. As is shown, this differs 
from the Janney-Williams only in the form of the motors; the fluid 
and its use are the same in both cases. This drive has for its 
object, first, the securing of any desired speed of the driven shaft, 
either forward or backward, without changing the speed or direction 

of motion of the driving 
shaft; and second, of 
transmitting the power 
to a shaft which is 
either in line with the 
driving shaft or which lies 
at any angle to the 
driving shaft and sepa- 
rated therefrom. It con- 
sists of a multi-cylinder 
pump — A and D being two of the cylinders — ^with variable stroke 
which is attached to the driving shaft, and one or more multi-cylin- 
der motors — two being shown at B and C — Shaving a fixed stroke, 
which are attached to the driven shaft K, together with pipe con- 
nections or passages E and F between them for transmitting the 
working field. The various cylinders, both of the pump and motors, 
radiate equidistantly from a central crank chamber, and the pistons 
or plungers are connected to a single crank pin, which is com- 
mon to all. > The fluid used is ordinary machine oil, the lubricating 
qualities of which, and its freedom from the danger of freezing, 
admirably fit it for such a purpose. When the system is once filled 
the oil is used over and over again, being in continuous circulation 
from pump to motor through one set of pipes or passages and back 
again from motor to pump through another set. The stroke of the 
pump may be varied at will; that of the motor is fixed. The varia- 
tion of the pump stroke is accomplished by a crank on which is 
mounted an eccentric bushing. By revolving the bushing with 
reference to the crank its center line is brought into alignment with 
the center of the shaft, and when this position is reached no 
reciprocating motion is communicated to the pump plungers. The 
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Manly drive is made in New York City, and has been successfully 
tried there on a delivery wagon, this being selected as likely to give 
the most severe test possible. 

Pneumatic Drive. There has been some talk of a pneumatic 
drive also, this idea not being so very far from the previous one of 




Fig. 158. British Thomson-Houston Company's Oasoiine Electric Ohaasis. 
View From Above. 

using liquids. In this scheme a very large tank of compressed 
air is provided for the purpose of starting the engine, helping to get 
up speed quickly, and on hills when excess power is needful or at 




Fig. 159. Dritish Thomson- Houston Gasoline Electric Chassis. Side View. 

least helpful. If used as planned it would allow of the elimination 
of the reverse and would be utilized for braking as well, the present 
form of band brakes being replaced by air brakes. This is but a 
prospective scheme, never having been tried; yet in considering the 
future, it is worth more than a passing thought because of its latent 
possibilities. 
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Electric Drive. To speak of an electric drive sounds peculiar, 
yet that is what should be used for a final drive through the 
medium' of electric motors. This form, spoken of abroad as the 
petrol-electric car, is attaining much headway there. It gains slowly, 
it is true, but, nevertheless, surely^-each year seeing one or more 

added to the already 
long list of successful 
cars in this category. 
To mention a few of 
thpse — Mercedes and 
Krieger are recognized 
as leading (Jerman 
makers, while (Jem, 
Vate, and Auto-Mixte 
are of high rank in 
France, and Peiper, 
Hallford, Electromo- 
bile, Hart-Durnall, 
Thomson -Houston, 
and Silvertown, as well 
as others of equal rank 
in England, not to for- 
get Columbia, Couple- 
Gear, and others in 
this country. All these 
have done good work 
in furthering the cause 
of the electric drive. 
In Fig. 158 and Fig. 
159 are shown a plan 
and side view of the 
most excellent gasoline 
electric chassis built .by the British Thomson-Houston Company. 
These are in service in London as motorbuses, in which serv^ice 
they have shown up to very good advantage. Fig. 160 shows a 
drawing of the construction of the wheels of the Mercedes gasoline 
electric vehicle, in which the motors are carried within the wheels 
themselves. In this, the front wheels only are active. As shown in 




(' 



Fig. 160. Section Showing Principle of Action of 
Mercedes Gasoline Electric Drive. 
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Fig. 161, they are readily dissembled in case of trouble on the road, 
not even a jack beuig necessary. This view also shows all of the 
parts composing the motor within the wheel. 

DiflFering from this very markedly is the other prominent Grer- 
man advocate of mixed driving, as the gasoline-electric system is 
sometime^ called. This is Kreiger, whose chassis is shown in both 
plan and elevation by Fig. 162. In this, it will be seen that the 
generator is coupled to the back of the engine in the place ordinarily 




Fig. 161. Mercedes Driving Wheel Dissembled. 

occupied by the flywheel and clutch, the rotating armature, in fact, 
acting as a flywheel. Then the motors are set one on each side, 
directly in front of the rear wheels, which they drive through the 
medium of spur gears, the whole being enclosed to keep out dirt, keep 
in oil, and reduce noise to a minimum. 

On the whole, the electric drive is losing no ground, which, in 
these days of gasoline shaft-driven cars, is perhaps something gained. 
In fact, it might be said that it possesses so many advantages which 
are worth having even at a sacrifice, and so few disadvantages that 
one is safe in figuring that a few more years will see the number of 
these doubled and possibly trebled. 
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GEARS 

Since the whole subject of transmission concerns itself with 
gears, it will not be out of place to discuss the gears themselves 
and describe the many different kinds in use. Speaking broadly, 
the gears used may be classified according to the position of their 
axes, relative to one another. Thus we have axes parallel and in 
the same plane; parallel but not in the same plane; at right angles 
and in the same plane; at right angles and not in the same plane; at 
some other angle than a straight or a right angle and in the same 
plane; and the same, but 



not in one plane. These 
classes give us the forms 
of gear in common use; 
viz, spur gears, bevel 
gears, helical gears, her- 
ringbone gears, spiral 
gears, and worm gears. 

Spur Gears* A spur 
gear being by far the 
most common kind of 
gear, is the easiest to 
descril)e, consisting as it 
does of a round flat disk 
\yith teeth cut in the 
exterior circumference, 
i.e., around the periphery 
of the disk. The cutting 
of these teeth has had 

much to do with their universal use, since the very low cost of cutting 
the teeth due to special machinery developed for that purpose, just 
about explains the matter. Formerly, the teeth were cut, one gear 
at a time, in the milling machine, this being practically a hand 
operation, since all movements of the gear or cutter had to be made 
by hand. Later, improvements made it possible to cut more than 
one gear at a time, which resulted in lowering the cost per piece slightly 
but did not eliminate the objectionable feature — the hand work. 

Step by step special machinery was developed for this work, 
until finally a perfected machine was brought out which does all 




Fig. 163. Feiiows Shaper for Cutting Gear Teeth. 
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of the work. With this machine, the workman places the cutter 
on the machine spindle, sets the gear blanks into position, and starts 
the machine, after which it goes on automatically cutting tooth 
after tooth to a correct shape, until the gear is finished, when the 
workman is again necessary to shut it off, and, after taking out the 
finished gears, put in a fresh supply of gear blanks. 

This machine, known as the Fellows gear shaper. Fig. 163, has 
reduced the manual labor of gear cutting to such a point that it is 
possible for one man to operate, unassisted, from three to six ma- 
chines at one time. Usually these are placed together and located 

near the automatic ma- 
chinery, a group of them 
being called a battery. 
By having a battery of 
five machines cared for 
by a single man, the cost 
of spur-gear cutting has 
been brought down to 
the absolute limit. 

Bevel dears. Bevel 
gears, in which the shafts 
are at right angles and 
in the same plane, or in 
the same plane but not 
at right angles, are more 
difficult to cut and there- 
fore less used. Their cutting is now done, like the spurs, in an auto- 
matic, or nearly automatic, machine, which requires little attention, 
but it does require more care than the spur-gear machine. Its 
greater complication makes it not only more difficult to understand 
and operate, but, of course, increases its initial cost and the cost 
of operation. All of these things militate against the bevel, so that 
many shops have the slogan, "Never use a bevel gear unless it is 
absolutely necessary." 

Both spurs and beveb sometimes require a chamfered tooth 
edge, spur gears as used in the Panhard or clash gear transmission 
always being in need of it. This work was formerly done by hand, 
using a hammer and chisel, but now a special machine has been 




Fig. 164. Tooth Chamfering Attachment. 
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manufactured for this purpose by the Long Arm System Company, 
Cleveland, Ohio. This is known from the work it does as an audo- 
matte tooth chamfering attachment. Fig. 164 shows the general 
appearance of it and Fig. 165, the construction. 

There are no real restrictions against the use of the spur and 
bevel, either or both being used interchangeably. Very often they 
are used in combinations which appear peculiar, as the one shown 
in Fig. 166. This is the final drive and reduction gear of the 
Autocar commercial cars, made by the Autocar Company, Ardmore, 
Pa. In this it will be noticed the drive from the engine b to an 




•^ ^ 

Fig. 165. Sections Through the Long- Arm, Tooth-Chamfering Machine. 

intermediate shaft through bevels. Thence, the final drive is by 
spur gears, from the intermediate shaft to the rear axle. 

Helical and Herringbone Gears. In situations where quiet run- 
ning is deemed necessary, the use of a helical gear frequently finds 
favor, since it accomplishes the desired result, although the cost of 
cutting is high. Of late, these have come into general use for cam- 
shaft drives and similar places. A pair of helical gears set so that 
the helices run in opposite directions, forms a herringbone gear. 
This is even more quiet in its action than the single helix, and posses5e3 
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other virtues as well. One well-known firm has adopted it for cam- 
shaft driving gear, and makes it as described to save cutting cost, 
as the cost of cujkting a true herringbone would be prohibitive. So, 
a pair of helical gears of opposite direction are set back to back and 
riveted or otherwise fastened together, forming a herringbone gear at a 
low cost. Both of these may be used when the two shafts are parallel 
and in the same plane, but for cases where the shafts are neither in 
the same plane nor parallel, some form of spiral gear must be used. 
Spiral Gears. Spiral gears as such not being generally under- 
stood, and that variety of the spiral gear known as the worm being 




Fig. 166. Combination of Gears in the Autocar Final Drive. 

very simple and easily understood, the latter has attained much popu- 
larity within the past three years. This has been due in part to superior 
facilities for cutting correct worms and gears, but, in the main, to a 
superior knowledge of the principles upon which the worm works, 
and the things which spelled failure or success. Thus, one of the 
earliest experimenters in this line laid down the law that the rubbing 
velocity should not exceed 300 feet per minute if success was desired, 
or in rotary speed about 80 to 100 revolutions. For automobile use, 
this wa3 Qutof the question ; but later experimenters found that these r^ 
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suits only attached to the forrm of gear used by the early workers, and 
did not apply to a strictly modem gear laid down on scientific principles. 
The mistake made was in the pitch angle of the worm, which 
was formerly made small, nothing over 15 degrees being attempted. 
This was the item which was at fault and caused this very useful 
and efficient mode of driving to fall into disuse. As soon as this 
fact was ascertained and larger pitch angles utilized, better results 
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Fig. 167. Hindley Worm Steering Gear for Heavy Trucks. 

were attained until with 20 degree angles, 700 feet per minute pitch 
line velocity was attained, followed shortly by the use of even higher 
angles, resulting even more successfully. As the efficiency depends 
directly upon the pitch angle, these changes brought the efficiency 
of thb form of gearing from the former despised 30, 40, and some- 
times 50 per cent up to 87, 88, and even 90 per cent, thus putting it 
on a par with any but the very best of spur gears, and above bevel 
gearing. In fact, in the light of modem knowledge of worm gears, 
it would be possible to say without departmg from th^ truth tbftt it 
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IS possible to obtain from this form an efficiency of 93 per cent. In 
automobile work it has been used mostly for steering gears and final 
drives. For the former its irreversible quality is brought out, while 
for the latter this must be made subordinate to a very great reduc- 
tion which may be attained in a very small, compact space. Many 
modem machines make use of it; as, Maxim-Groodrich electric, 
Franklin delivery wagon, Mitchell truck, Hamilton motor buggy. 




168. I>etafl8 of Hindley Worm St'eering Gear. 
Morac-WiUiams Company^ Philadelphia^ Pa, 

Dennis (English) busses and trucks, Greenwood and Badey (English) 
commercial cars, and numerous others. Figs. 167, 168, 169, and 
170 show some common uses to which the worm is put, the first two *' 
being steering gears, while the la.st two are final drives. 

BRAKES 

Next to having the proper power, applied through the correct 
form of gearing to conserve it, and its final suitable drive to the road 
wheels, nothing is of more importance than the ability to stop the 
vehicle at will. The 6r3t 3tep 15 to have a machine that will function 



87i 



Digitized by 



Google 



AUTOMOBILE MECHANISMS 



139 



correctly, that is run at will, and following that it is necessary to 
be able to bring it to a stop, both to avoid danger and otherwise. 
The medium through which this is done and which ordinarily suf- 




Fig. 169. Worm Gear Applied to Rear Axle Drive of Touring Car. 

fices, is the shutting oflF of the source of power — in this case, the 
gasoline and the spark which is used to ignite its vapor. This will 
not always suflBce, however, for the ordinary car possesses the ability 
to run at a speed of 40 miles per 
hour or upwards, and weighs from 
2,000 pounds (one ton) upwards to 
4,000 pounds (two tons). This 
combination makes for a large force 
of inertia, which will result in the 
car running for many yards, even 
hundreds of yards after the power 
is shut off. So it is that we must 
have a mechanical means of absorb- 
ing this inertia, or of snubbing the 
forward movement of the car. This 
is the function of the brakes, as 
fitted to the modem car. 

Although disregarded in any 
summary of brakes, the engine is the best brake that a car can pos- 
sess, granting that the driver knows how to use it so as to get the best 
results without doing any damage. The ordinary engine has a com- 
pression of from 60 pounds to 70 pounds per square inch, which 
is practically the pressure available when it is used as a brake. 




Fig. 170. Final Drive on Light Truck 
of Mitchell Motor Car Company. 
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Fig. 



171. Brake on Main Shaft of 
Benx (Qerman) Car. 



Since this is far and away more than any other type or form of brake 
will yield, its usefulness is self-evident. 

Aside from this, brakes are usually divided into two classes; 

differing mainly in location: the 
internal expanding and the exUr- 
nal contracting. To this a third 
class should be added because 
it partakes of the nature of both 
yet differs from each one. This 
is the railway type of brake with 
removable shoes of metal, differ- 
ing from the band type in that 
no attempt is made to cover the 
whole or even the greater part of the circular surface, but simply a 
small portion of it, against which a shoe is forced with a very high 

pressure* Both of the 
other types are subject 
to division into other 
classes, the first into three 
subdivisions according to 
operating means: cam^ 
toggle, and scissors 
action. 

External Contracting 

Brakes. This class of 

i*igi •■■^.:;-^^^^,.„ £ brakes is subject to but 

^iy^Sm^^^ ^^n two divisions: single and 

/%i^K^H^mjS^ ^L double acting. In the 

Z^ ^^^^H^^^K^ll^A ^^' ^^ ^^^ ^' ^ simple 

*^ ^^■^^■I^^^B^^. band is anchored at some ' 

external pointy while the 

other or free end is 

pulled. This results in 

the anchorage sustaining 

as much pull as is given 

to the operating end, 

that is, all pull is transmitted directly to the anchorage. This dia- 

advantage h^ resulted in tbi3 form bwoming nearly obsolete. 




Fig. 172. Main Shaft Brake of Royal Car. 
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Fig. 173. 



Brake Systeni on Bianchi (Italian) Car. 
Note Accessible Adjustment. 




Fig. 174. A Pair of Brakes on Countershaft. 
Simpler AiUotnobUe Company, New York City, 
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Any brake of the true double acting type will work equally well 
acting forward or backward. Fig. 171, the Benz differential brake, 
shows this clearly. The external band is hung from the main frame 
by means of a stout link, which is free to turn. Now, the band itself 
is of very thin sheet steel, lined with some form of non-burnable 
belting. The ends carry drop forgings, to which are attached the 
operating levers. These are so shaped that the pull is evenly divided 
between the two sides of the band. This will be made apparent by 
considering that a pull on the lever H will result in two motions, 
neither one complete, since each depends upon the other. First, 




Fig. 175. Benz Ooimtershaft Brakes for Chain-Driven Oars. 

there will be a motion of the upper band end B about the extremity 
of the lower one as a pivot, followed by a movement of the lower 
end, pivot and all, about 5 as a second pivot point These two 
motions result in a double clamping action. 

The Royal Tourist brake for the main shaft, Fig. 172, differs very 
little from this either in appearance or action. On chain-driven cars 
the brakes are given a different location to those on a shaft-driven 
car. Usually on the former there is provided three sets of brakes: 
one on the main shaft, one pair on the countershaft, and another pair 
on the rear wheels. In Fig. 173, showing the after portion of the 
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Bianchi car^ an Italian product, part of two of these sets may be seen. 
On this car, the shaft brake is given an unusual adjustment, other 
things being subordinated to this. An excellent example of good 




Fig. 176. Internal Expanding Brake of the Hotchldas 
(French) Car. 

designing is to be seen in the countershaft brakes. Fig. 174, of the 

Simplex cars, made in New York City by the Simplex Automobile 

Company. Despite appearances to the contrary, the principle upon 

which these brakes act is the same as the others just shown. The 

Benz fork brake, Fig. 175, 

which is noted for its 

consistent action, is an 

admirable brake. It is 

used on the countershaft, 

of the chain-driven cars 

and works as did the other 

Benz brake, the difference 

being in the details. 

Internal Expanding 
Brakes. While the con- 
tracting-band brake is 
well thought of, the internal-expanding form is rapidly displacing 
it for the reason that experienced drivers think more of it. In Fig. 




Fig. 177. Internal Expanding Bralce of 
La Buire (French) Car. 
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176 is shown a foreign idea of an expanding band, this being a brake 
from the French Hotchkiss, built by the famous gun makers. This 

particular brake is from the 
four-cylinder, 16-horse-power 
car and possesses a pair of 
very wide shoes which are 
expanded by means of a lever 
and toggle arrangement. An 
excellent view of a cam-oper- 
ated brake is shown in Fig. 
177; this being from the other 
side as well. La Buire, a 
French car, uses this form on 
the rear axle, the view show- 
mg also the rear springs. An 
equally good American type 
is shown in Fig. 178, this being the rear axle brake from the Royal 
Tourist car of 50 horse-power. This will be seen upon close in- 




Royal Rear Axle Brake. 
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Fig. 179. Peerles.s Rear Axle Brake. 

spection to consist of two brakes set side by side on the same 
hanging and operating in the same brake drum. 

More modem practice shows no tendency to place all of the eggs 
in one basket, both forms of brake being employed together and 
upon the same car, usually also upon the same brake drum, one set 
working upon the exterior while the other works upon the inside. 
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In Fig. 179, which shows the 
rear axle brakes of the 
Peerless cars, made by the 
Peerless Motor Car Com- 
pany, Cleveland, Ohio, this 
is plain to be seen, both of 
the brakes being shown 
although the drum upon 
which they work has been 
removed. The parts are all 
named so as to be self- 
explanatory. In this, as is 
usual, the inner or expand- 
ing band is operated by a cam. In the brake sets put out by the 
Timken Roller Bearing Axle Company, Canton, Ohio, in connection 




Fig. 180. Timken Double Rear 
Axle Brake. 




Fig. 181. End View of the Double Brake of Reo Car. 

with their bearings and axles, the toggle action is used. Fig. 180. 
The constructional drawing. Fig. 181 and Fig. 182, showing the 
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brakes used on the Reo car, manufactured by the Reo Motor^Car 
Company, Lansmg, Mich., indicates that this firm is partial to the cam 
for brake operation, since these are used for both internal and 
external brakes. The usual method, however, is more like that 
shown in Fig. 183 or Fig. 184, the internal brakes being operated by 
cam, while the double-acting, contracting bands work through levers. 




Fig. 182. Section Through Reo Brakes. 

Principle of Brake Operation. The principle of brake operation 
is perhaps made most clear by a little excursion into the design of a 
set of brakes. The master formula for this is 

K = %t 

in which K represents the energy of the moving mass, W its weight, 
V its velocity, and g the acceleration due to gravity or 32.2 feet per 
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second. By applying to this the weight of a vehicle, such as 2,240 
pounds, and reducing the whole to niiles per hour, the formula may 
be put in the form 

K = WV^ X .0334 
from which 20 miles per hour gives 29,920 foot pounds of energy. 




Fig. 183. Knox Internal Brake Showing Toggle Expansion. 

Since distance in which the brakes will act is of value, it may be found 
by introducing into this formula two factors, the proportion of the 
total weight which the braking wheels will bear, and the coefficient 
of friction between the nmd surface and the rubber tires. The 



888 



Digitized by 



Goo^^ 



148 



AUTOMOBILE MECHANISMS 



former may be taken as ^ of the whole and the latter as .60. 
Including these in the expression^ it takes the form 

WV^ X .0334 



/ - 



kw 



in which / is the distance in which a braking effort sufficient to slide 
the wheeb would stop the car; k is the coeflBcient of friction; and w 
is VV of ^® weight of the car. This gives 37.1 feet for the value of 
/ for the vehicle figured above and moving at the same speed. 

In proportioning the parts, it will be necessary to know the pull 
on the band, which is equal to 

WV^ X .0334 



P« kw 



I 



and this for the car and speed as before works out to 806 pounds. 
Using a material in which the strength was 60,000 pounds per square 




Fig. 184. Rear Axle and Brake Construction. 
Pennsylvania Motor Car Company. 

inch and a factor of safety of 0, the sectional area at the weakest 
point should be 

806 X6 



Area = 



.0806 square inch 



60,000 

If round iron were to be used, f inch diameter would be safe while 
in a flat section such as the band itself, xt inch by If inch would be 
sufficient, as would also A by 1 inch. 

Methods of Brake Operation. While it is generally thought that 
round iron rods are the universal means of brake operation, such is 
not the case. Many brakes on excellent cars are worked, as the 



284 



Digitized by 



Google 



AUTOMOBILE MECHANISMS 149 

illustrations show, by means of cables. This idea is even carried so 
far that brakes have been fitted to operate through the medium of 
ropes. Chains of small diameter have also been used^ as well as 
combinations of rods^ chains^ cables, and ropes. 

Fully as important as the operating means, is the matter of 
equalizing the pull so that the same force is exerted ppon both wheels 
at once. This action is influential in causing side-slip or skidding, 
which may result fatally. To equalize the force was one reason for 
the use of cables, although the more up-to-date way is to attach the 
operating lever to the center of a long bar, to the extremities of which 
the brakes themselves are fastened. A pull on the bar is then divided 
up into two different pulls on the brakes, the division being accord- 
ing to their respective needs and automatic as well. This is an 
important point and one that should be looked after in the purchase 
of a new car. 
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GLOSSARY OF AUTOMOBILE 
TERMS 



A collection of the more common technical term^ used in <^nneciicn xcUh 
self -propelled vehicles and airial navigation. 



A. A. A. Abbreviation for American Automobile Association. 

Abrasive. Any hard substance used for grinding or wearing away other 
substances. 

Absorber, Shock. See Shock Absorber. 

Acceleration* The rate of change of velocity of a moving body. 

Accelerator. An apparatus for changing the speed of the gas-engine gover- 
nor to allow the engine to speed up. 

Accelerator PedaL The pedal by which the accelerator is operated. 

Accessory. A subordinate machine that accompanies or aids a more im- 
portant machine; as, a horn is an accessory of an automobile. 

Accumobile. A term used in Europe in referring to an electric automobile 
in which a storage battery or accumulator is used to furnish power to 
an electric motor; an electric vehicle. 

Accumulator. A secondary battery or storage battery. It usually consists 
of chemically prepared lead plates combined with an acid solution. 
Upon being charged with an electric current from a primary source, 
a chemical change takes place which enables the plates in their turn 
to give a current of electricity when used as a source of power; the 
plates at the same time returning to their original chemical state. 

Acetone. A liquid obtained as a by-product in the distillation of wood 
alcohol, and used in connection with reservoirs for storing acetylene 
for automobile lights, as it dissolves many times its own volume of 
acetylene gas. 

Acetylated Alcohol. Alcohol which has been denatured by the addition 
of acetylene, which also increases its fuel value. See Denatured Alcohid, 

Acetylene. A gaseous hydrocarbide used as an illuminant; is usually gen- 
erated for that purpose by the action of water on calcium carbide. 

Acetylene Generator. A closed vessel in which acetylene gas may be pro- 
duced by the action of water on calcium carbide and supply the gas 
under uniform pressure. 

Copyright, 1910, by American School of Corre$pondene€. 
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Acetylene Lamp. A lamp which burns acetylene gas. 

Acetylite. Calcium carbide which has been treated with glucose. It is 

used to obtain a more uniform and slower production of acetylene gas 

than can be obtained with the untreated calcium carbide. 
Acid. In connection with automobiles the term usually means the liquid 

or electrolyte used in the storage battery. See Electrolyte, 
Acidimeter. An instrimient for determining the purity of an acid. 
Adhesion* That property of surfaces in contact by virtue of which one of 

them tends to stick to the other. It is often used as synonymous with 

friction. The adhesion of wheels acts to prevent slipping. 
Adjusting Plane. A smaller plane of an aeroplane, generally placed at the 

end of the wing tip and adjusted to maintain lateral balance. A 

stabilizer placed at the end of a wing tip. 
Adjusting Surface. See Adjusting Plane. 
Adjifstment. The slackening or tightening up of parts to compensate for 

wear, reduce friction, or secure better contact. 
Admission. In a steam engine, the letting in of the steam to the cylinder; 

in a gas engine, the letting in of the mixture of gas and air to the cylinder. 
Admission Line. The part of the indicator diagram which shows the actual 

condition while the working vapor is entering the cylinder. 
Admission Pipe. The pipe by which the fuel is conducted from the carbureter 

of the gas engine to the admission valve chamber. 
Admission Port. The passage by which steam enters the cylinder of the 

steam engine. Also called Steam Port. 
Admission Valve. A valve controlling the supply of the working fluid. 
Advanced Ignition. Usually called advancing the spark. Setting the spark 

of an internal -combustion motor so that it will ignite the charge at an 

earlier part of the stroke. 
Advance Sparking. A method by which the time of occurrence of the igni- 
tion spark may be regulated, by completing the electric circuit at an 

earlier period. 
Advancing Edge. The front edge of any of the surfaces of a heavier-than- 

air flying machine. 
Advancing the Spark. See Advanced Ignition. 
Advancing Surface. A surface of an aeroplane that is ahead of another 

surface. 
ASrocurve. A word proposed in place of aeroplane, as the surfaces are curves 

rather than planes. 
Aerodrome. (1) A tract of land or buildings for the flight or housing of 

flying machines. (2) The name proposed by Langley for the aeroplane, 
Aft'ofoiL A substitute proposed for avropUine. 

Aft'ometer. An instrument to measure the speciflc gravity of gases. Prac- 
tically the same as a hydrometer. Usually, however, the aerometer 

combines a hydrometer with a thermometer. 
Adromobile. Berliner's name for his helicopter. 
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Afironat (air swimmer). A term Bometimes applied to dirigible balloons. 

Al^ronaut. An atrial navigator. 

Aeronautics. The science or art of navigating the air. 

Ai^ronef. Any heavier-than-air flying machine. 

ASronet (air runner). A name suggested for aeroplane. 

Aeroplane. A heavier-than-air flying machine having lateral wings which 

are comparatively immovable. The term does not define the machine, 

as the word is applicable only to flat surfaces, while the sustaining 

surfaces are nearly always curves. 
Aerostat. A lighter- than -air flying machine depending upon the use of a 

volume of gas whose specific gravity is less than that of the air, but 

having no means of lateral guiding; an ordinary balloon. 
Aerostatics. The science of the pressure, weight, and equilibrium of the 

air and other elastic fluids, and of bodies sustained in them. 
Aerostation. Aerial navigation. 
After-Burning. Continued burning of the charge in an internal-combustion 

engine after the explosion. 
After-Firing. An explosion in the muffler or exhaust passages. 
A-h. Abbreviation for ampere-hour. 
Aileron. In aeronautics, a small hinged wing tip to maintain lateral balance. 

It differs from an adjusting plane in that it is capable of being controlled 

during flight. 
Air Bag. In aeronautics, a small bag within a balloon. These bags are 

connected with an air pump, and by increasing or decreasing the 

amount of ir in the bags the pressure of gas within the balloon may be 

regulated. 
Air Bottle. A metal tank on the automobile for carrying compressed air 

for tire iufiation. 
Air-Bound. See Air- Lock. 
Air-Compressori A machine for supplying air under pressure for inflating 

tires, starting the motor, etc. 
Air Cooling. A sjrstem of dispersing by air-convection the heat generated 

in the cylinder of an internal-combustion motor. 
Air-Feed Pump. A steam-operated pump used to force air under pressure 

to the burner of a steam boiler. 
Air Harbor. One or more buildings for housing airships. 
Air Inlet. An opening in a carbureter to admit air. 
Air Lock. Stoppage of circulation in the water system caused by a bubble 

of air lodging in the top of a bend in the pipe. 
Air Poise. A device to indicate the weight of the air. 
Air Pump. A pump operated by the engine to supply air pressure to the 

oil tank or gasoline tank; sometimes called preaaure pump. 
Air-Pump Governor. A device to regulate the speed of the air pump so as 

to give a uniform air pressure. 
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Air Resistance. The resistance offered by the air to a body in motion. 
The resistance to a flat surface varies approximately as the square of 
the velocity. 

Air Tube. See Pneumatic Tire, 

Airless Tire. Name of special make of non-pun cturable resilient tire. 

Airship. A name applied to any apparatus for atrial navigation. Strictly, 
should denote only aSronats or dirigible balloons. 

A. L. A. M. Abbreviation for Association of Licensed Automobile Manu- 
facturers. 

A. L. A. M. Horse-Power Rating. The horse-power rating of an auto- 
mobile found by the standard horse-power formula approved by the 
Association of Licensed Automobilei Manufacturers. This formula is 
H. P. — Bore of cylinder (in inches) squared X No. of cylinders + 2.5. 

Alarm, Low- Water. See Low-Water Alarm. 

Alcohol. A colorless, volatile, inflammable liquid which may be used as 
fuel for internal-combustion engines. 

Alcohol, Denatured. Alcohol rendered unfit for drinking purposes by the 
addition of wood alcohol, acetylene, and other substances. 

Alighting Gear. The mechanism on the under part of an aeroplane to cushion 
its descent and bring it to a stop upon reaching the ground. It usually 
consists of pneumatic-tired wheels with a spring frame, or of skids, the 
starting gear and alighting gear nearly always being combined. 

A. M. C. M. A. Abbreviation for American Motor -Car Manufacturers 
Association. 

Ammeter. An instrument to measure the value of current in an electric 
circuit directly in amperes. Also called ampere-meter. 

Ampere. The practical unit of rate of flow of electric current; measuring 
the current intensity. 

Amperage. The number of amperes, or current strength, in an electric 
circuit. 

Ampere-Hour. A term used to denote the capacity of a storage battery or 
closed-circuit primary battery. A battery that will deliver three 
amperes for six hours is said to have an eighteen-ampere-hour capacity. 

Ampere-Meter. See Ammeter. 

Ampere- Second. A term used in place of Coulomb. 

Anemometer. An instrument for measuring and registering the velocity 
and direction of the wind. In aeronautics, it is used as well for measur- 
ing and registering the velocity of airships. 

Angle of Entry. The angle made in a curved aeroplane surface by a tangent 
to the advancing edge with the line of motion. 

Angle of Incidence. The angle made by an aeroplane surface with its line 
of travel. 

Angle of Steering. The sum of the inclination of the two steering arms 
from the right angle. This is usually between 50 degrees and 60 de- 
grees, giving an inclination for each armof between 25 and 30 degrees. 
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Angle of Trail. The angle of a tangent to the rear edge of a curved aeroplane 

surface with the line of travel. 
Angle-Iron Underframe. An underframe constructed of steel bars whose 

cross-section is a right angle. 
Annular Gear. A toothed wheel upon which the teeth are formed on the 

inner circumference. 
Annular Valve. A circular valve having a hole in the center. 
Annunciator. An installation of electric signals or a speaking tube to allow 

the passengers in an enclosed car to communicate with the driver. 
Anti-Freezing Solution. A solution to be used in the cooling system to 

prevent freezing in cold weather; any harmless solution whose freezing 

point is somewhat below that of water may be used. 
Anti-Friction Metal. Various alloys of tin and lead used to line bearings, 

such as babbitt metal, white metal, etc. 
Anti-Skid Device. Any device which may be applied to the wheels of a 

motor car to prevent their skidding, such as tire coverings with metal 

rivets in them, or chains, etc. 
Anti-Vibrator. A mat placed on the floor of the vehicle to do away with 

the vibration. 
Apteroid. An aeronautic term suggested to designate a type of aeroplane 

wing which is short and broad. 
Arch. In aeronautics, a downward curve given the ends of a winged surface . 
Armature. A mass of iron or other magnetic material so placed that it 

may be moved past the pole or poles of the magnet. The armature 

of a dynamo is that part of a dynamo carrying the conductors in which 

the differences of potential which cause the current are generated. 
Armature Core. The iron core on or around which the armature coils of 

the dynamo are wound. 
Artillery Wheel. A wheel having heavy wooden spokes. 
Aspect Ratio. The proportion of the length of a wing or aeroplane surface 

to the width. 
Aspiration. The action of a current of air flowing against the edge of a 

spiral, curved wing or aeroplane surface, by which the surface is drawn 

toward the current; also called tangential force. 
Aspirating Nozzle. An atomizing nozzle to make the liquid passing through 

it pass from it in the form of a spray. 
Atmospheric Line. A line drawn on an indicator diagram at a point corre- 
sponding with the pressure of the atmosphere. 
Atmospheric Valve. See Suction Valve, 
Atomizer. A device by which a liquid fuel such as gasoline is reduced to 

small particles or to a spray; usually incorporated in the carbureter. 
Attitude. See Angle of Incidence. 
Auto. (1) Popular abbreviation for automobile. (2) A Greek prefix 

meaning self. 
Auto-Boat. A motor boat. 
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Auto-Bus. An enclosed motor-driven publio conveyance, seating six or 

more people; usually has a regular route of travel. 
Autocar. A motor car or automobile; a trade name for a particular make 

of automobile. 
Auto-Cyde. See MiUarcyde. 

Autodrome. A track especially prepared for automobile driving, par- 
ticularly for races. 
Auto-Igniter. A small magneto generator or dynamo for igniting gasoline 

engines, the armature of which is connected with the flywheel by gears 

or by friction wheels, so that electric current is supplied as long as the 

engine revolves. 
Autoist. One who uses an automobile. 
Automatic Carbureter. A vaporizer or carbureter for gasoline engines 

whose action is entirely automatic. 
Automatic Ignition. See Self-Firing, 
Automatic Stability. The maintaining of lateral and longitudinal stability 

of a flying machine independently of the control of the operator. 
Automatic Valve. A valve whose operation is independent of the control 

of the operator; as, for instance, the automatic boiler-feed regulator of 

a steamer. 
Auto-Meter. Trade name for special make of combined speedometer and 

odometer. 
Automobile. A motor-driven vehicle having four or more wheels. Some 

three-wheeled vehicles are properly automobiles, but are usually 'called 

tricars. 
Automobilism. Continued use of or fondness for the automobile; the sport 

and industry connected with automobiles. 
Automobilist. The driver or user of an automobile. 
Auto- Truck. A motor-driven vehicle for transporting heavy loads; a heavy 

commercial car. 
Auxiliary Air Valve. An extra air valve sometimes provided to supply 

additional air to the engine on high speeds. 
Aviation. The science of dynamic flight by means of heavier-than-air 

machines. 
Aviator. The operator of a hcavier-than-air fljring machine. Strictly, the 

form of flying machine 
Axle. The spindle with which a wheel revolves or upon which it revolves. 
Axle, Dead. An axle which does not turn. 
Axle, Floating. A live axle with which the wheels run on dead stubs or 

ends of tubes which carry the load, so that the axle has no load. 
Axle, Live. An axle which turns with the wheel and carries the load. 
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Back Elick. The reversal of direction of the starting crank caused by 

backfiring. 
Back Pressure. The pressure on the opposite side of a piston which offers 

a resistance to the working stroke of the piston. 
Backfiring. An explosion in the cylinder of an internal-combustion engine 

occurring before the proper time, sometimes causing the engine to be 

reversed. 
Backlash. The play between a screw and nut or between the teeth of a 

pair of gear wheels. 
Baffle Plate. A metal sheet in a steam boiler to prevent priming. 
Balance Gear. See Differential Gear. 
Balancing of Gasoline Engines. Insuring the equilibrium of moving parts 

to reduce the vibration and shocks. 
Balancing Plane. In aeronautics, a surface whose position or angle may 

be changed to steer or maintain balance. 
Balancing Surface. Same as Balancing Plane, 
Ball-and-Socket Joint. A joint in which a ball is placed within a socket 

recessed to fit it, permitting free motion in any direction within limits. 
Ball Bearing. A bearing in which the rotating shaft or axle is carried upon 

a number of small steel balls which are free to turn in annular paths, 

called races. 
Ball Race. Annular channels for the balls of a ball bearing. 
Balladeur Train. A French name for a sliding change-speed gear. 
Ballonet. A small gas bag attached to the main envelope of a dirigible 

balloon to assist in guiding. 
Balloon. A lighter-than-air type of flying machine, which depends for 

its operation upon the difference in the specific gravity of the gas con- 
tained within the bag and that of the air; a static flying machine; an 

aerostat. 
Barking. The sound made by the explosions caused by after-firing. 
Base-Bearing. Any of the pillow blocks which support the shaft on the 

chassis. 
Battery. A combination of primary or secondary cells, as dry cells or 

storage cells. 
Battery Acid. The electrolyte in a storage battery. 
Battery-Charging Plug. Power terminals to which the leads of a storage 

battery may be connected for charging the battery. 
Battery Gauge. (1) Voltmeter or ammeter or volt-ammeter for testing 

the primary or secondary cells. (2) Hydrometer for testing the 

specific gravity of the electrolyte in a secondary battery. 
Battery Syringe. A syringe used to draw out a part of the electrolyte or 

solution from a storage battery cell to test its density and specific 

gravity. 
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Bearing, Roller. A bearing in which the journal rests upon, and is sur- 
rounded by, hardened steel rollers which revolve in a channel or race 
surrounding the shaft. 

Beau de Rochas Cycle. The four-stroke cycle used in most internal com- 
bustion engines. This cycle was proposed by M. Beau de Rochas and 
put into practical form by Dr. Otto. See Four-Cycle and OUo 
Cycle, 

Belt and Clutch Dressing. A composition to be applied to belts and clutches 
to prevent them from slipping. 

Belt Drive. A method of transmitting power from the engine to the counter- 
shaft or jack shaft by means of belts. 

Benzine. A petroleum product having a specific gravity between that of 
kerosene and gasoline. Its specific gravity is between 60 degrees and 
65 degrees Baum^. 

Berline Body. A limousine automobile body having more than two seats 
in the back part. 

Bevel Gearing. Gears the faces of whose teeth are not parallel with the shaft, 
but are on a beveled edge of the gear wheel. 

B. H. P. An abbreviation for brake horse-power. 

Bi-Car. Trade name of special make of motorcycle. 

Bicycle. A two-wheeled vehicle propelled by the pedalling of the rider. 

Binding Posts. See Terminals, 

Biplane. An aeroplane having two main supporting surfaces one above 
the other. 

Bleeder. A by-pass in the sight-feed of a mechanical oiling system by which 
the oil delivered through that feed is allowed to pass out instead of 
going to the bearing. 

Block Chain. A chain used in automobiles, bicycles, etc., of which each 
alternate link is a steel block. 

Blow-Back. The backward rushing of the fuel gas through the inlet valve 
into the carbureter. 

Blow-out. The rupture of both the inner tube and outer casing of a pneu- 
matic tire. 

Blow-out Patch. See Patch, Tire Repair, 

Body. The superstructure of an automobile; the part that resembles and 
represents the body of a horse-drawn vehicle. 

Body-Hangers. Attachments to or extensions of the frame for holding the 
body of the vehicle. They should be properly called frame-hangers. 

Boiler. A vessel in which water is evaporated into steam for the generation 
of power. 

Boiler Alarm. See Low-Water Alarm. 

Boiler Covering. A non-conducting substance used as a covering for boilers 
to prevent loss of heat by radiation. 

Boiler-Feed Pump. An automatic and self-regulating pump for supplying 
a boiler with feed water. 
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Boiler-Feed Regulator. A device to make the feed-wj^tor supply of the boiler 

automatic. 
Bonnet. (1) The hood or metallic cover over the front end of an auto- 
mobile. See Hood, (2) The cover over a pump-valve box, or a 

slide-valve casing. (3) A cover to enclose and guide the tail end of 

a steam-engine-valve spindle or the cover of a piston-valve casing. 

(4) The pan underneath the engine in an automobile. 
Boot. Space provided for baggage at the rear of a car. 
Bore. The inside diameter of the cylinder. 
Bowden Wire. A wire for transmitting motion by pulling, surrounded by 

a helical spring for protection. 
Boyle's Law of Gases. A law defining the volume and pressure of gases at 

constantly maintained temperatures. It states that the volume of a 

gas varies inversely as the pressure so long as the temperature remains 

the same; or the pressure of a gas is proportional to its density. 
Brake. An apparatus for the absorption of power by friction, and by 

clamping some portion of the driving mechanism to retard or stop 

the forward motion of the car. 
Brake, Band. A brake which contracts upon the outside of a drum attached 

to some part of the driving mechanism. 
Brake, Constricting Band. A form of brake applied by tightening a band 

around a pulley or drum. 
Brake, Double-Acting. A brake which will hold when the drum is rotating 

in either direction. 
Brake, Drum and Band. See Brake, Band, 
Brake, Expanding Band. A drum brake in which the braking force is 

exerted by a band forced outward against the inner rim of a pulley. 
Brake Horse-Power. The horse-power supplied by an engine as shown by 

the application of a brake or absorption dynamometer. 
Brake, IntemaL A brake in which an expanding mechanism is contained 

within a rotating drum, the expansion bringing pressure to bear on the 

drum. 
Brake Lever. The lever by which the brake is applied to the wheel. 
Brake Lining. The wearing surface of a brake ; usually arranged to be easily 

replaced when worn. 
Brake PedaL Pedal by which the brake is applied. 
Brake Ratchet. A device by which the brake lever or brake pedal can be 

set in position and retained there ; usually consists of a notched quadrant 

with which a movable tongue on the lever head or pedal engages. 
Brake Rod. The rod connecting the brake lever with the brake. 
Brake, Shoe. A brake in which a metal shoe is clamped against a revolving 

wheel. 
Brake, Strap. Another term for band brake. 
Breaker Strip. A strip of canvas placed between the tread and body of an 

outer tire casing to increase the wearing qualities. 
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British Thennal Unit. The ordinary unit of heat. It is that quantity of 
heat required to raise the temperature of one pound of pure water 
one degree Fahrenheit at the temperature of greatest density of water. 

Brougham Body. A closed-in automobile body having windows at the side 
doors, and in front, but with no extension of the roof over the front seat. 

B. T. U. Abbreviation for British thermal unit. 

Buckboard. A four-wheeled vehicle in which the body and springs are 
replaced by an elastic board or frame. 

Buckling. Irregularities in the shape of the plates of storage cells follow- 
ing a too rapid discharge. 

Buggyabout. A light motor-driven vehicle having the appearance of the 
ordinary horse-drawn buggy. 

Buggyaut. Trade name for special make of light, buggy-type automobile. 

Bumper. A contrivance at the front of the car to minimize shock of col- 
lision; it consists of plungers working in tubes and gaining elasticity 
from springs. 

Buoyancy. (1) The upward pressure exerted by a fluid upon a floating 
body. (2) The power or tendency of a fluid to keep an object afloat 
in another fluid. 

Burner, "Torch" Igniter. A movable auxiliary vaporizer for starting the 
Are in steam automobile burners. 

Bus-Pipe. A manifold pipe. 

Buzzer. (1) A name sometimes applied to the vibrator or trembler of a 
jump-spark ignition coil. (2) A device used in place of a horn, and 
consisting of a diaphragm which is made to vibrate rapidly by an electro- 
magnet. 

By-Pass. A small valve to provide a secondary passage for fluids passing 
through a system of piping. 



C. Abbreviation for Centigrade Thermometer Scale. 

Calcium Carbide. A compound of calcium and carbon used for the genera- 
tion of acetylene by the application of water. 

Cam. A revolving disk, irregular in shape, fixed on a revolving shaft so as 
to impart to a rod or lever in contact with it an intermittent or 
variable motion. 

Cam Gear. The gear driving the cam shaft of a gas engine. In a four- 
* cycle engine this is the same as the two-speed gear. 

Cam Shaft. A shaft by which the valve cams are rotated; also known as 
the secondary shaft. 

Camber. (1) The greatest depth of curvature of a surface. (2) The 
amount of bend in an axle designed to incline the wheels. 

Camber of Spring. The maximum distance between the upper and lower 
parts of a spring under a given load. 
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Cambered Frame. A narrowing of the front of a motor car to permit of 
easier turning. 

Canopy. An automobile top that cannot be folded up. 

Cape Hood. An automobile top which is capable of either being folded up 
or extended. 

Car. (1) A wheeled vehicle. (2) A large automobile. (3) The box, 
basket, or cage suspended from a balloon to hold passengers, supplies, 
etc. 

Carbide. See Calcium Carbide. 

Carbide Feed. A type of acetylene generator in which the calcium carbide 
is fed into the water. 

Carbon Bridge. Formation of soot between points of spark plug. 

Carbon Remover. A tool or solution for removing carbon deposits from 
the cylinder, piston, or spark plug of a gasoline engine. 

Carbm'eter. An appliance for mixing an inflammable vapor with air. It 
allows air to be passed through or over a liquid fuel and carry off a 
portion of its vapor mixed with the air, forming an explosive mixture. 

Cardan Joint. A imiversal joint or Hooke's coupling. 

Cardan Shaft. A shaft provided with a Cardan joint at each end. 

Casing. The shoe or outer covering of a double-tube automobile tire. 

Catalytic Ignition. See Ignition^ Catalytic, 

Ceil. (1) In aeronautics, a structure having upper, lower, and side sur- 
faces, as a box kite. (2) One of the units of a voltaic battery. 

Cellular Radiator. A radiator in which the openings between the tubes are 
in the form of small cells. The same as a honeycomb radiator. 

Cellular Tire. A cushion tire which is divided into compartments or cells. 

Center of Effort. See Center of Thrust. 

Center of Gravity. The point of a body about which all portions are balanced. 

Center of Lift. In aeronautics, a mean of all the centers of pressure. 

Center of Pressure. In aeronautics, a line along the underside of an aero- 
plane surface, on either side of which pressures are equal. 

Center of Thrust. In aeronautics, a point or line along which the thrust of 
the propellers is balanced. 

Centigrade Scale. The thermometer scale invented by Celsius. Used 
universally in scientific work. 

Century. In automobiling, a hundred-mile run. 

C. 6. S. System. Abbreviation for centimeter-gram-second system of 
measurement; the standard system in scientific work. 

Chain, Drive. A heavy chain by which the power from the motor may be 
transmitted to the rear wheels of an automobile. 

Chain, Tire. A small chain fastened about the tire to increase traction and 
prevent skidding. 

Chain Wheel. A sprocket wheel for the transmission chains of a motor- 
driven vehicle. 
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Change- Speed Gear. See Genr^ GJuingc-SfHcd. 

Change-Speed Lever. Sec Lever , Change-Speed. 

Charles' Law of Gases. See Gases, Gaij Lussac's Lara oj. 

Charging. The passing of a current of electricity through a storage cell. 

See Accumulator, 
Chassis. The frame, springs, wheels, transmission, and all the mechanism 

of the automobile except the body. In the original French it means 

only the frame or the frame and springs. See Running Gear, 
Chauffeur. In America this term means the paid driver or operator of the 

motor car. The literal translation from the French means stoker or 

fireman of a boiler. 
Check, Steering. See Steering Check, 

Check Valve. An automatic or non-return valve used to control the ad- 
mission of feed water in the boiler, etc. 
Circulation Pump. A mechanically operated pump by which the circulation 

of water in the cooling system is maintained. 
Clash Gear. A sliding change-speed gear. 
Clearance. (1) The distance between the road surface and the lowest 

part of the under-body of an automobile. (2) The space between 

the piston of an engine when at the extremity of its stroke, and the head 

of the cylinder. 
Clearance Space. The space left between the end of the cylinder and the 

piston plus the voliune of the ports between the valves and the cylinder. 
Clincher Rim. A wheel rim having a turned-in edge on each side, forming 

channels. Into this the edge or flange of the tire fits, the air pressure 

within locking the tire and rim together. 
Clincher Tire. A pneumatic tire designed to fit on a clincher rim. 
Clutch. A device for engaging or disconnecting two pieces of shafting so 

that they revolve together or run free as desired. 
Clutch Lining. The wearing surface of a clutch. This may be easily re- 
moved and replaced when worn. 
Clutch Spring. A spring arranged to either hold a clutch out of gear or 

throw it into gear. 
Cock, Pximing. A small cock, usually operated by a lever, for admitting 

gasoline to the carbureter to start its action. 
Coil, Non- Vibrator. A coil so designed that it will supply a sufficient spark 

for the ignition with one make and break of the primary circuit. 
Coil, Spark. See Spark Coil, 
Coil Vaporizer. An auxiliary vaporizer to assist in starting a steam boiler. 

It is a coil of tubing into which liquid gasoline is admitted and burned 

to start the generation of gas in the main burner. 
Combustion Chamber. That part of an explosive motor in which the gases 

are compressed and then fired, usually by an electric spark. 
Commercial Car. A motor-driven vehicle for commercial use, such as 

transporting passengers or freight. 
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Commatator. In the ignition system of an explosive motor, the commutator 
is a device to automatically complete the circuit of each of a number 
of cylinders in succession. 

Commutator of Dynamo or Motor. That part of a dynamo which is designed 
to cause the alternating current produced in the armature to flow in 
one direction in the external circuit; in a motor, to change the direct 
current iii the external circuit into alternating current. 

Compensating Carbureter. An automatic attachment to a carbureter, con- 
trolling either air or fuel admission, or both, so that the proportion of 
one to the other i6 always maintained under any variation of power 
required. 

Compensating Gear. See Differential Gear. 

Compensating Joint. See Universal Joint, 

Compound Control. In aeronautics, a controlling system in which two 
separate operations are obtained by the movement of a single lever 
or steering wheel in two directions. 

Compound Engine. A multiple-expansion steam engine in which the steam 
is expanded in two stages, first in the high-pressure cylinder, and then 
in the low-pressure cylinder. 

Compression. (1) " That part of the cycle of a gas engine in which the 
charge is compressed before ignition ; in a steam engine it is that phase 
of the cycle in which the pressure is increased due to compression of 
the exhaust steam behind the piston. (2) The greatest pressure 
exerted on the gas in the compression chamber. 

Compression Chamber. The clearance volume above the piston in a gas 

engine, also called Compression Space. 
Compression Cock. See Compression-Relief Cock. 
Compression Line. The line on an indicator diagram corresponding to the 

phase of the cycle in which the gas is compressed. 
Compression-Relief Cock. A small cock by which the compression chamber 

of an internal-cumbustion motor may be opened to the air and thus 

allow the compression in the cylinder to be relieved to facilitate turning 

by hand, or cranking. 
Compression Space. See Compression Chamber. 

Compression Tester. A small pressure gauge by which the degree of com- 
pression of the mixture in a gas-engine cylinder may be tested. 

Compressori Air-. See Air- Com pressor. 

Condenser. In a steam motor, an apparatus in which the exhaust steam 
is converted back into water. ^2) A device for increasing the electric 
capacity of a circuit. Used in an ignition circuit to increase the strength 
of the spark. 

Cone Bearing. A shaft bearing in which the shaft is turned to a taper and 

the journal turned to a conical or taper form. 
Cone Clutch. A friction clutch in which there are two cones, one fitting 

within the other. 
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Connecting Rods. The part of an engine connecting the piston to the crank, 
and by means of which a reciprocating motion of the piston is con- 
verted into the rotary motion of the crank. 

Constricting Band Brake. See Brake, Constricting Band. 

Constricting Clutch. A friction clutch in which a band is tightened around 
a drum to engage it. 

Contact-Breaker. A device on some forms of gasoline motors having an in - 
duction coil of the single jumpns^rk type, to open and close the electric 
circuit of the battery and coil at the proper time for the passage of the 
arc or spark at the points of the spark plug. 

Contact-Maker. See Contact- Breaker, 

Continental Drive. Double-chain drive. 

Control, Throttle. Method of governing the power of the engine by altering 
the area of the passage leading to the admission valve so that the 
amount of the fuel introduced into the cylinder is varied. 

Control, Spark. Method of controlling the power of an engine by varying 
the point in the stroke at which ignition takes place. 

Controller, Electric. Apparatus for securing various combinations of 
storage cells and of motors so as to vary the speed of the car at will. 

Converter. A device for changing alternating current into direct current 
for charging storage batteries, etc. Converters may be any of throe 
kinds: rotary, electrolytic, or mercury- vapor. The mercury-vapor 
converter is most widely used. 

Convertible Body. An automobile body which may be used in two or more 
ways, usually either as an open or closed carriage, or in which several 
seats may be concealed, and raised to increase the seating capacity. 

Cooling Fan. Fan used in automobiles to increase the current of air cir- 
culating around the cylinders, or through the radiator. 

Coulomb, The. The unit of measure of electrical quantity. Sometimes 
called Ampere-Second, It is equivalent to the product of the current 
in amperes by the number of seconds current has been flowing. 

Countershaft. An intermediate or secondary shaft in the power-transmis- 
sion system. 

Coupling, Flexible. See Universal Joint, 

Crank. A lever designed to convert reciprocating motion into rotating 
motion or vice versd; usually in the form of a lever formed at an angle 
with the shaft, and connected with piston by means of connecting rod. 

Crank Case. The casing surrounding the crank end of the engine. 

Crank-Case Explosion. Explosion of unburned gases in the crank case. 

Crank Chamber. The enclosed space of small engines in which the crank 
works. 

Crank Pin. The pin by which the connecting rod is attached to the crank. 

Crank Shaft. The main shaft of an engine. 

Crank, Starting. A handle made to fit the projecting end of the crank shaft 
of a gas engine so that the engine may be started to revolving by hand. 



doo 

Digitized by 



Google 



GLOSSARY 15 



Cranking. The act of rotating the motor by means of a handle in order to 
start it. Turning the flywheel over a few times causes the engine to 
take up its cycle, and after an explosion it continues to operate. 

Creeping of Pneumatic Tires. The tendency of pneumatic tires to push 
forward from the ground and thus around the rim, in the effort to relieve 
and distribute the pressure. 

Crypto Gear. See Planetary Gear. 

Crystallization. The rearrangement of the molecules of metal into a crys- 
talline form under continued shocks. This is often the cause of the 
breaking of the axles and springs of a motor car. 

Cup, Priming. A small cup-shaped device provided with a cock, by which 
a small quantity of gasoline can be introduced into the cylinder of a 
gasoline engine. 

Curtain. In aeronautics, the same as panel. 

Current. The rate of flow of electricity; the quantity of electricity which 
passes per second through a conductor or circuit. 

Current Breaker. See Contact Breaker, 

Current Indicator. A device to indicate the direction of current flow in a 
circuit; a polarity indicator. 

Current Rectifier. A device for converting alternating current into direct 
current. See Converter, 

Cushion Tire. See Tire, Cushion, 

Cut-Off, Gas Engine. That point in the cycle of an internal -combust ion 
engine at which the admission of the mixture is discontinued by the 
closing of the admission valve. 

Cut-Off, Steam Engine. That point in the cycle of a steam engine, or that 
point on an indicator diagram at which the admission of steam is dis- 
continued by the closing of the admission valve. 

Cut-Out, MufiSer. A device by which the engine is made to exhaust into 
the air instead of into the mufller. 

Cut-Out Pedal. Pedal by means of which the engine is made to exhaust 
into the air instead of into the mufl[ler. 

Cycle. A complete series of operations beginning with the drawing in of 
the working gas, and ending after the discharge of the spent gas. 

Cycle, Beau de Rochas. See Beau de Rochas Cycle. 

Cylinder. A part of a reciprocating engine consisting of a cylindrical cham- 
ber in which a gas is allowed to expand and move a piston connected 
to a crank. 

Cylinder Cock. A small cock used to allow the condensed water to be 
drained away from the cylinder of a steam engine, usually called a 
drain cock. 

Cylinder Head. The cover of the cylinder of a steam engine. 

Cylinder Jacket. 8ec Jacket, Water, 
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Dash. The upright partition of a car in front of the front seat and just 

behind the bonnet. 
Dash Coil. An induction coil for jump-spark ignition, having an element 

for each cylinder with dash connections to the commutator on the 

engine or cam shaft. 
Dash jQauge. A steam, water, oil, air, or electric gauge placed upon the 

dash of the car. 
Day Type of Engine. The two-cycle internal-combustion engine with an 

air-tight crank case. 
Dead Axle. See Axle, Dead, 
Decarbonizer. See Carbon Remover, 
Deck. In aeronautics, a main surface of an aeroplane. 
Demountable Rim. A rim upon which a spare tire may be mounted and 

carried, and so arranged that it may be easily and quickly taken off or 

put on the wheel. 
Denatured Alcohol. See Alcohol, Denatured. 
Densimeter. See Hydrometer, 
Depolarizer. Material surrounding the negative clement of a primary cell 

to absorb the gas which would otherwise cause polarizing. 
Derrick. In aeronautics, ii tpwcr from the top of which a weight is allowed 

to fall to start an aeroplane. 
Detachable Body. A body which may be detached from and placed upon 

the chassis. 
Detachable Rim. See Demountable Rim. 
Diagram, Indicator. See Indicator Card, 
Diagram, Jeantaud. A diagrammatic representation of the running gear 

of an automobile, showing it turning corners of various radii for the 

purpose of determining the front-axle and steering connections. 
Diesel Gas Engine. Four-cycle internal-combustion engine in which the 

explosion of the charge is accomplished entirely by the temperature 

produced by the high compression of the mixture. 
Differential, Bevel-Gear. A balance gear in which the equalizing action is 

obtained by means of bevel gears. 
Differential Gear. A mechanism to permit driving the wheels and yet allow 

them to turn a corner without slipping. An arrangement such that 

the driving wheels may turn independently of each other on a divided 

axle, both wheels being under the control of the driving mechanism. 

Sometimes called balance, compensating, or equalizing, gear. 
Differential, Spur-Gear. A differential gear, in which the equalizing action 

is obtained by spur gears. 
Dihedral. In aeronautics, upward inclination of winged parts at an angle 

to each other. 
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Direction Indicator. A polarity indicator to show the ciirection of current 
flow in an ignition circuit. 

Dirigible. Steerable; drivable; usually applied to liphter-than-air flying 
machines which may be propelled and guided. 

Disk Clutch. A clutch in which the power is transmitted by a number of 
thin plates pressed face to face. 

Distance Rod. See Radius Rod. 

Distribution Shaft. See Cam Shaft. 

Distributor, Spark. See Commutator. 

Doctor's-Cab Body. An automobile body especially adapted for the use 
of doctors, resembling the body of a hansom cab, with entrance from 
the front and at the left side of the front. Another type is a two- 
seated brougham with no front seat, the control and steering mechanism 
being enclosed. 

Double Monoplane. A monoplane ha\ing two double surfaces, one behind 
the other. 

Drift. In aeronautics, the resistance of an aeroplane surface to forward 
movement. 

Drive Shaft. The shaft transmitting the motion from the change gears to 
the driving axle; the torsion rod. 

Driving Axle. The axle of a motor car through which the power is trans- 
mitted to the wheels. 

Driving Wheel. The wheel to which or by which the motion is transmitted. 

Drome. Word suggested for the flight of aeroplanes. 

Dry Battery. A battery of one or more dry cells. 

Dry Cell. A primary voltaic cell in which a moist material is used in place 
of the ordinary fluid electrolyte. 

Dual Ignition. The use of two separate systems of ignition. 

Dynamo. The name frequently applied to a djmamo-electric machine 
used as a generator. Strictly, the term dynamo^ should be applied to 
both motor and generator. 

Dynamometer. The form of equalizing gear attached to a source of power 
or a piece of machinery to ascertain the power necessary to operate 
the machinery at a given rate of speed and under a given load. 

E 

Earth. See Ground. 

Economizer, Gas. An appliance to be attached to a float-feed carbureter 

to improve the mixture by automatically governing the amount of 

air in the float chamber. 
Eccentric. A disk mounted off'-center on a shaft to convert rotary into 

reciprocating motion. 
Economy, Fuel. The fuel economy of a motor is the relation between the 

heat units in the fuel used in the motor and the work or energy given 

out by the motor. 
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Efficiency. The efficiency of a gasoline motor is the relation between the 
heat units consumed by the motor and the work or energy in foot 
pounds given out by it. Electrical efficiency of a motor is the rela- 
tion between the electrical energy put into the motor and the mechan- 
ical energy given out by it. 

Ejector. An apparatus by which a jet of steam propels a stream of water 
in almost the same way as an injector, except that the ejector delivers 
it into a vessel having but little pressure in it. 

Electric Generator. A dynamo-electric machine in which mechanical 
energy is transformed into electrical energy; usually called dynamo. 

Electric Horn. An automobile horn electrically operated. 

Electric Motor. A dynamo-electric machine in which electrical energy is 
transformed into mechanical energy. 

Electric Vehicle. An automobile propelled by an electric motor, for which 
current is supplied by a storage battery carried in the vehicle. 

Electrol3rte. A compound which can be decomposed by electric current. 
In referring to storage batteries, the term electrolyte means the solu- 
tion of sulphuric acid in water in which the positive and negative plates 
are immersed. 

Electromobile. An electric vehicle. 

Electromotive Force. A tendency to cause a current of electricity to flow; 
usually synonymous with potential, difference of potential, voUage, etc. 

Elevator. In aeronautics, a horizontal rudder for steering upwards or 
downwards. 

Emergency Brake. A brake to be applied when a quick stop is necessary; 
usually operated by a pedal or lever. 

Engine, Alcohol. An internal-combustion engine, in which a mixture of 
alcohol and air is used as fuel. 

Engine, Gasoline. An internal-combustion motor in which a mixture of 
gasoline and air is used as fuel. 

Engine, Kerosene. An internal-combustion engine in which a mixture of 
kerosene and air is used as fuel. 

Engine Primer. A small pump to force fuel into the carbureter. 

Engine Starter. An apparatus by which a gasoline engine may be started 
in its cycle of operations without use of the starting crank. It belongs 
usually to one of four classes: (1) mechanical or spring-actuated, 
such as a coil spring wound up by the running of the engine or a strap 
around the flywheel; (2) fluid pressure, such as compressed air or 
exhaust gases induced into the cylinder to drive the piston through one 
cycle; (3) the electric system, in which a small motor is used to turn 
the engine over; (4) combinations of these. 

Engine, Steam. A motor in which the energy in steam is used to do work 
by moving the piston in a cylinder. 

Epicyclic Gear. See Planetary Gear, 

Equalizing Gear, See Differential Gear. 
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Exhaust Horn. Au automobile horn in which the sound is produced by the 

exhaust gases. 
Exhaust Lap. The extension of the inside edges of a slide valve to give 

earlier closing of the exhaust. Also called inside lap 
Exhaust Ifanifold. A large pipe into which the exhaust passages from all 

the cylinders open. 

Exhaust Port. The opening through which the exhaust gases are permitted 
to escape from the cylinder. 

Exhaust Steam. Steam which has given up its energy in the cylinder and 
is allowed to escape. 

Exhaust Stroke. The stroke of an internal-combustion motor during which 
the burned gases are expelled from the cylinder. 

Exhaust Valve. A valve in the cylinder of an engine through which the 
exhaust gases are expelled. 

Expanding Clutch. A clutch in which a split pulley is expanded to press 
on the inner circumference of a ring which surrounds it, and thus 
transmit motion to the ring. 

Expansion, Gas Engine. That part of the cycle of a gas engine immediately 
after ignition, in which the gas expands and drives the piston forward. 

Expansion, Steam Engine. That portion of the stroke of the steam engine 
in which the steam supply is cut off by the valves and continues ta per- 
form work on the piston, increasing in volume and decreasing in pressure. 

Explotive Motor. See Jntcrnal-Combtistion Motor, 



Fan, Cooling. A mechanically operated fan for producing a current of air 
for cooling the radiator or cylinders of a gas engine. 

Fan, Radiator. A mechanically operated rotary fan used to induce the flow 
of air through the radiator to facilitate the cooling of the water. 

Fat Spark. A short, thick, ignition spark. 

Feathering. In aeronautics, the movement of surfaces so that they pa.ss 
edgewise through the air in one direction and flatwise through the air 
in the other. 

Feed Regulator. A device to maintain a uniform water level in a steam 
boiler by controlling the siHjed of the feed pump. 

Feed- Water Heater. An apparatus for heating the boiler-feed water, either 
by means of a jet of steam or steam-heated coils. 

Fender. A mud guard or shield over the wheels of a car. 

Fierce Clutch. A clutch is called fietce when it releases with difficulty. 

Fin. (l) In aeronautics, a fixed vertical immovable surface for main- 
taining lateral stability. (2) Projections cast on the cylinder of a 
gas enguie to assist in cooling. 

Firing. (1) Ignition of the charge in a gas engine. (2) The ut-t of fur- 
nishing fuel under the boiler of a steam engine. 
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Flash Boiler. A boiler arranged to generate highly superheated steam 

almost instantaneously, by allowing water to come m contact with very 

hot metal surfaces. 
Flash Generator. See Flash Boiler. 
Flash Point. The temperature at which an oil will give oflF a vapor that will 

ignite when a flame comes in contact with it. 
Flexible Coupling. See Universal Joint. 
Flexible Propeller. In aeronautics, a propeller whose fabric is rather loosely 

mounted on a framework so that it can change its form with the varying 

air pressures. 
Flexible Shaft. A pliant shaft which will transmit considerable power 

when revolving. 
Flexible Tubing. A tube for the conduction of liquids or gases, which may 

be bent at a small radius without leaking. 
Float Carbureter. A carbureter for gasoline engines in which a float of cork 

or hollow metal controls the height of the liquid in the atomizing nozzle. 

Sometimes called float-feed carbureter. 
Float Valve. An automatic valve by which the admission of a liquid into 

a tank is controlled through a lever attached to a hollow sphere which 

floats on the surface of the liquid and opens or closes the valve accord- 
ingly as it is high or low . 
Floating Axle. See Axle, Floating. 
Floating the Battery on the Line. Charging the battery while it is giving 

out current. 
Flushing Pin. In a float feed carbureter, a pin arranged to depress the float 

in priming. Also called primer and tickler. 
Flyabout. Name of a special make of roadster. 

Flying Angle. In aeronautics, the angle of incidence of aeroplane surfaces 
in flight. 

Flying Attitude. See Flying Angle. 

Flying Machine. An apparatus designed to enable persons to move about 
at will through the air. Strictly, the term should be applied to only 
that class of machines in which human flight is obtained by means of 
flapping wings. 

Flywheel. A wheel upon the shaft of an engine which, by virtue of its 
moving mass, stores up the energy of the gas transmitted to the flywheel 
during the impulse stroke and delivers it during the rest of the cycle, 
thus producing a fairly constant torque. 

Foaming. See Priming. 

Following Edge. In aeronautics, the rear edge of an aeroplane surface. 

Following Surface. In aeronautics, a main surface that is preceded by 
another. 

Foot-Brake. A brake to be applied through a pedal. 

Fore-and-Aft Stability. See Longitudinal Stability. 
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Fore-Carriage. A self-propelled vehicle in which the motor is carried on the 

forward trucks, and propelling and steering is done with the forward 

trucks. 
Four-Cycle or Four-Stroke Cyde. The cycle of operations in gas engines 

occupying two complete revolutions or four strokes. 
Frame. The framework or foundation of the c^r. 
Frame-Hangers. See Body- Hangers, 
Free Wheel. A wheel so arranged that it can rotate more rapidly than the 

mechanism which drives it. 
Friction. The resistance existing between two bodies in contact which tends 

to prevent their motion on each other. 
Friction Clutch. A device for coupling and disengaging two pieces of shaft- 
ing while in motion, by the friction of cones or plates on one another. 
Friction Disk. The thin plate used in a disk or friction clutch. See Disk 

ClxUcK 
Friction Drive. A method of transmitting power or motion by frictional 

contact. 
Fuel Economy. See Economy, Fuel. 
Fuel-Feed Regulator. A device in the fuel system of a steam motor by 

which the rate of flow of fuel to the burner is automatically regulated. 
Fuel-Level Indicator. An instrument either permanently connected to the 

fuel tank or which may be inserted therein to indicate the quantity of 

fuel in the tank. 
Fuselage. In aeronautics, the framework of a flying machine. It applies 

more particularly to the framework of aeroplanes. 
Fusible Plug. A hollow plug flUed with an alloy which melts at a point 

slightly above the temperature of the steam in a boiler, as when the 

water runs low, thus putting out the fire and preventing burning out 

the boiler. 



G 



Gap. (1) In aeronautics, the vertical dLstanco between two adjacent 

surfaces. (2) In automobiles, the spark gap. 
Garage. A building for storing automobiles. 
Garage, Portable. A garage which may be moved from one place to another, 

either as a whole or in sections. 
Gas. Matter in a fluid form which is elastic and has a tendency to expand 

indefinitely with reduction in pressure. 

Gas Bag. (1) A gas-tight bag designed to contain gas, usually applied to 
the envelope of a balloon. (2) In some gas lamps, a receptacle for 
the gas. 

Gas Economizer. See Economizer, 

Gas Engine. An internal-combustion motor in which a mixture of gas and 
air is used as fuel. The term is also applied to the gasoline engine. 
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Gas Engine, Otto. A four-stroke-cycle engine developed by Otto and using 

hot-tube method of ignition. 
Gas Generator, An apparatus in which a gas is generated for any use. 
Gas Lamp. See Acehjlene Lamp, 
Gases, Boyle's Law of. See BoyWs Law of Gases. 
Gases, Gay Lussac's Law of. Called Charles* Law and the Second Law of 

Gases, Law defining the physical properties of gases at constantly 

maintained pressure. It states that at constant pressure the volume 

of gas varies with the temperature, the increase being in proportion 

to the change of temperature and volume of the gas. 
Gases, Joule's Law of. Statement of the physical properties of gases; 

that the work-producing or dynamic property of a gas depends alone 

upon its temperature. 
Gasket. A thin sheet of packing material or metal used in making joints, 

piping, etc. 
Gasoline. A highly volatile fluid petroleum distillate; a mixture of fluid 

hydro-carbons. 
Gasoline Engine. An internal-combustion motor in which a mixture of 

gasoline and air is used as a fuel. 
Gasoline Primer. The valve on the carbureter of a gasoline engine by which 

the action of the engine can be started. 
Gasoline-Tank Guage. A fuel-lever indicator for gasoline. 
Gasoline Tester. A hydrometer by which the specific gravity of gasoline, 

and therefore its purity, may be ascertained. 
Gauge. Strictly, a measure of, or instrument to determine, dimensions 

or capacity. Practically, the term refers to an instrument for indicating 

the pressure or level of liquids, etc. 
Gauge Cock. A small cock by which a pipe leading to a gauge may be 

opened or closed. 
Gauge Lamp. Lamp, usually electric, placed above or near the gauges to 

enable them to be read at night. 
Gay Lussac's Law of Gases. See Gases, Gay Lussac^s Law of. 
Gear, Balance. See Differential Gear, 
Gear Box. The case covering the change-speed gears. 
Gear, Change-Speed. An arrangement of gear wheels which transmits the 

power of the motor to the differential gear at variable speeds independ- 
ently of the motor speed. 
Gear, Differential. See Differential Gear, 
Gear, Internal. A gear whose teeth project inward toward the center from 

the circumference of the gear wheel 
Gear-Shift Lever. A lever by which the change-speed gears are shifted. 
Generator, Acetylene. See Acetylene Generator, 
Generator, Electric. See Electric Generator, 
Generator, Steam. A steam boiler. 
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Generator Tubing. Tubing by which acetylene is conducted from the 

generator to the lamp. 
Gimbal Joint. A form of universal joint. 

Glider. An aeroplane without motor or propeller for use in gliding. 
Gliding. In aeronautics, the combination of forward and downward move- 
ment of an aeroplane without power. 
Gliding Angle. In aeronautics, the smallest angle at which an aeroplane 

is able to glide. 
Gong. A loud, clear-sounding bell usually operated either electrically or 

by foot power. 
Governor. A device for automatically regulating the speed of an engine. 
Governor, Dynamo. A method of automatic control of the generator (usually 

an ignition generator, in automobile work) by which its speed is main- 
tained approximately constant. 
Governor, Spark. A method of automatically controlling the speed of the 

engine by varying the time of ignition. See Governor. 
Grademeter. An instrument for indicating the degree of the gradient or 

the percent of the grade. It consists of a level with a graduated scale. 
Graphite. One of the forms in which carbon occurs in matter. Also known 

as black lead and plumbago. Used as a lubricant in powdered or flake 

form in the cylinders of exlposive engines. 
Gravity. The attraction between the earth and bodies on or near it which 

tends to decrease the distance between the centers of such bodies and 

the center of the earth. 
Gravity-Peed Oiling S3rstem. See Lubrication, Gravity, 
Grease and Oil Gun. A syringe by means of which grease or oil may be 

introduced into the bearings of the machinery. 
Grinding Valves. See Valve, Grinding, 
Ground. An electric connection with the earth, or to the framework of a 

machine. 
Ground Attitude. In aeronautics, the angle of incidence of an aeroplane 

surface with the machine on the ground. 
Gjrroplane. In aeronautics, a heavier-than-air flying machine lifted l>y 

rotating aeroplanes; a helicopter. 
Gjrroscopic Effect. That property of a rotating body by virtue of which 

it tends to maintain its plane of rotation against all disturbing forces. 

H 

Half-Motion Shaft. See Half- Time Shaft, 

Half-Time Shaft. The cam shaft of a four-cycle gas engine. It revolves 

at one-half the speed of the crank shaft. 
Hammer Break. A make-and-break ignition system in which the spark is 

produced when the moving terminal strikes the stationary terminal 

like a hammer. 
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Hangar. Building used for harboring airships. Synonymous with Air- 
Harbor, 

Head Resistance. In aeronautics, the resistance of a surface to movement 
through the air. 

Heater, Automobile. A device for warming the interior of an automobile; 
usually electrical, or by means of exhaust gases or jacket water. 

ideavier-Than-Air. In aeronautics, applied to dynamic flying machines 
which weigh more than the air they displace. 

Helicopter. From helix, a screw. A dynamic, heavier-than-air flying 
machine which is sustained by the effect of screws or propellers mounted 
on vertical axes and rotating in a horizontal plane. 

High-Tension Current. A current of high voltage; as the current induced 
in the secondary circuit of a spark coil. 

Honeycomb Radiator. A radiator consisting of many very thin tubes, 
giving it a cellular appearance. 

Hood. That part of the automobile body which covers the frame in front 
of the dash. The engine is usually placed under the hood. 

Hooke's Coupler. See Universal Joint, 

Horizontal Motor. A motor the center line of whose cylinder lies in a hori- 
zontal plane. 

Horizontal Rudder. In aeronautics, a rudder placed horizontally for steer- 
ing in a vertical plane. 

Horn, Automobile. A whistle or horn for giving warning of the approach 
of the automobile. 

Horse-Power. The rate of work or energy expended in a given time by a 
motor. One horse-power is the rate of work or energy expended in 
raising a weight of 550 pounds one foot in one second, or raising 33000 
pounds one foot in one minute. 

Hot-Head Ignition. The method of igniting the charge in a gas-engine 
cylinder by maintaining the head of the combustion chamber at a high 
temperature from the internal heat of combustion, as in the Diesel 
engine. 

Hot-Tube Ignition. An ignition device formerly used for gas engines, in 
which a closed metal tube is heated red hot by a Bunsen flame. When 
the compressed gases in the cylinder are allowed to come in contact 
with this, ignition takes place. 

Hovering. In aeronautics, that method of flight in which a practically fixed 
position in the air is held. 

H. P. (1) Abbreviation for horse-power. (2) Abbrev'ation for high-pressure. 

Hydrocarbons. Chemical combinations of carbon and hydrogen in varied 
proportions, usually distillates of petroleum, such as gasoline, kero- 
sene, etc. 

Hydrometer Scale, Baume's. An arbitrary measure of specific gravity. 

Hydrometer. An instrument by which the specific gravity or density of 
liquids may be ascertained. 
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Igniter. An insulated contact plug without sparking points, used in make- 

and-break ignition with low-tension magneto. 
Igniter, High-Speed. An igniter having a short spark coil for high-speed 

engines. 
Igniter, Jump-Spark. A system of ignition in which is used a current of 

high pressure, which will jump across a gap in the high-pressure circuit, 

causing a spark at the gap. 
Igniter, Lead of. Amount by which the ignition iB advanced. See Advanced 

Ignition, 
Igniter, Primary. The apparatus in a primary circuit for making and 

breaking the circuit. 
Igniter Spring. A spring to quickly break the circuit of a primary igniter. 
Ignition^ Advancing. See Advanced Ignition. 
Ignition, Catalytic. Method of ignition for explosive motors based on the 

property of some metals, particularly spongy platinum, of becoming 

incandescent when in contact with coal gas or carbonized air. 
Ignition, Hot-Head. See Hot- Head Ignition, 
Ignition, Primary. An ignition system in which a low-tension current 

flows through a primary coil, the circuit being mechanically o|)ened, 

allowing a high-tension spark to jump across the gap. See Primary 

Coil. 
Ignition, Retarding. Setting the spark of an internal-combustion motor so 

that the ignition will occur at a later part of the stmke. 
Ignition, Timing of. The adjustment of the ignition system so that ignition 

will take place at the desired part of the cycle. 
I. H. P. Abbreviation for indicated horse-power. 
Indicated Horse-Power. The horse-power of an engine as ascertained from 

an indicator diagram. 
Indicator. An instrument by which the working gas in an engine records 

its working pressure. 
Indicator Card. A figure drawn by means of an indicator by the working 

gas in an engine. Also called Indicator Diagram. 
Inflammation. The act or period of combustion of the mixture in the 

cylinder. 
Inflator, Mechanical Tire. A small power-driven air-pump for inflating the 

tire; either driven by gearing, chain, or belt from the engine shaft, or 

by friction from the flywheel. 
Injector. A boiler-feeding device in which the momentum of a steam jet 

directed by a series of conical nozzles, carries a stream of water into 

the boiler, the steam condensing within and heating the water which 

it forces along. 
Inner-Tire Shoe. A piece of leather or rubber to be placed within the tire 

to protect the inner tube. 
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Inner Tube. A soft air-tight tube of nearly pure rubber which fits within a 
felloe upon the casing. 

Inside Lap. See Exhaust Lap. 

Intake Manifold. The large pipe which supplies the smaller intake pipes 
from each cylinder of a gas engine. 

Intensifier. See Outside Spark Gap. 

Intermediate Shaft. See Shaft, Intermediate. 

Internal-Combustion Motor. Any prime mover in which the energy Ls ob- 
tained by the combustion of the fuel within the cylinder. 

Internal Gear. See Gear, Internal. 

Interrupter. See Vibrator. 



Jack. A niochanism by which a small force cxortctl through a comparatively 
long period of time is enabled to raise a heavy body. Used for raising 
the automobile axle to remove the weight from the wheels. 

Jacket Water. The cooling water circulating in a water-cooling system. 

Jeantaud Diagram. See Diagram, Jeantaud. 

Joint, Knuckle. Sec Swivel Joint. 

Joule's Law of Gases. See Gases, Joule's Law of. 

Jump Spark. A spark produced by a secondary jump-spark coil. 

Jump- Spark Circuit Maker. A mechanically operated switch by which the 
circuit in a jump-spark ignition system is opened and closed. 

Jump-Spark Coil. An electrical transformer and interrupter consisting 
of a primary winding of a few turns of coarse wire surrounding an iron 
core, and a secondary winding consisting of a great number of turns 
of very fine wire. The condenser is usually combined with this. -Also 
known as secondary spark coil. 

Jump-Spark Igniter. See Igniter, Jump^Spark. 

Jump- Spark Plug. See Spark Plug. 



Keel. In aeronautics, the underframing placed longitudinally under flying 
machines to stiffen the structure. More usually employed in dirigible 
balloons. 

Kerosene. A petroleum product having a specific gravity between 58** 
and 40® Baum6. It is used as a fuel in internal-combustion engines 
and can often be used in gasoline engines by starting the engine on 
gasoline, then switching to kerosene. 

Kerosene Burner. A burner especially adapted to use kerosene as a fuel. 

Kerosene Engine. An engine using kerosene as fuel. 

Knuckle Joint. See Swivel Joint. 
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Lamp Lighter. An apparatus for lighting gas lamps by electricity. The 
lamps are usually so arranged that by pushing the button the gas is 
turned on and the spark made at the same time. 

Landaulet Body. An automobile body resembling a limousine body, but 
having a cover fitted to the back which may be let down, leaving the 
back open. The top generally extends over the driver. 

Landing Area. In aeronautics, a specially prepared surface for the alighting 
of flying machines. 

Lap, of Steam Valves. In the slide valve of a steam engine, the amount by 
which the admission edges overlap the steam port when the valve is 
central with the cylinder ca^e. 

Lateral Stability. In aeronautics, stability in a lateral direction, or from 
side to Bidfi. 

Lead of Igniter. See Igniter , Lead of. 

Lead of Valve. In an engine, the amount by which the admission port is 
opened when the piston is at the beginning of the stroke; according as 
this is greater or less, the admission of working fluid is varied through 
several fractions of the stroke. 

Leeway* In aeronautics, movement at right angles to the course being 
steered, caused by the lateral drift of the atmosphere. 

Lever, Brake. See Brake Lever, 

Lever, Change- Speed. Lever by which the different combinations of 
change gears are made so as to vary the speed of the driving wheels 
in relation to the speed of the engine ; also called gear-shift lever. 

Lever Lock. An arrangement for locking the gear-shift lever in the free po- 
sition so that with the engine running the driving axle will not be driven. 

Lever, Spark, Lever by which the speed and power of the engine are 

controlled by adjusting the time of ignition. 
Lever, Steering. See Steering Lever, 

Lever, Throttle A lever by which the speed and power of the engine are 
controlled by adjusting the amount of mixture admitted to the cylinder. 

Lift. In aeronautics, the sustaining effect of a wing surface or aeroplane 

surface. 
Lifting Jack. See Jack. 

Lighter-Than-Air. In aeronautics, applied to an airship weighing less than 
the air displaced by it. 

Lighting Outfit, Auto Electric An outfit for electrically lighting an auto- 
mobile. This usually consists of a dynamo, storage battery, and 
lamps and switchboard, with the necessary wiring and cutouts. 

Limousine Body. An enclosed automobile body having the front and sides 
with side doors. The top extends over the seat of the driver. 
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Link Motion. In a steam engine, the name for the arrangement of eccentric 

rods, links, hangers, and rocking shafts by which the relative motion 

and position of the^ide valves are. changed at will, providing for varying 

rates of expansion of the steam, and thus varying the speed for either 

forward or backward motion. 
Live Axle. See Axle, Live. 
Locky Auto Safety. A device arranged so that it is impossible to start the 

motor car except by the proper combination or key. 
Lock Nut. A nut placed on a bolt immediately behind the main nut to 
^ keep the main nut from turning. 
Lock Switch. A switch in the ignition circuit so arranged that it cannot be 

thrown on except by the use of a key. 
Lock Valve. A valve capable of being secured with lock and key. 
Longitudinal Stability. Stability in the longitudinal direction. 
Low-Water Alarm. An automatic arrangement by which notice is given 

that the water in the boiler is becoming too low for safety. 
Lubricant. An oil or grease used to diminish friction in the working parts 

of machinery. 
Lubrication. To supply to moving parts and their bearings grease, oil, 

or other lubricant for the purpose of lessening friction. 
Lubrication, Force- Feed. Method of lubricating the moving parts of an 

engine by forcing the oil to the points of application by means of a 

pump. 
Lubrication, Gravity. Method of supplying oil to moving parts of an engine 

by having a reservoir at a certain height above the lowest point to be 

lubricated and allowing the oil to flow to the points of application by 

gravity. 
Lubrication, Sight-Feed. System of lubrication in which the oil pipe to 

difi'erent points of application is lead through a glass tube in plain sight; 

usually at a point on the dashboard. 
Lubrication, Splash. Method of lubricating an engine by feeding oil to the 

crank case and allowing the lower edge of the connecting rod to splash 

into it. 
Lubricator. A device containing and supplying oil or grease in regular 

amounts to the working parts of the machine. 

M 

Magnetic Spark Plug. A spark plug used in a make-and-break system of 
ignition in which contact is obtained by means of a magnet. 

Magneto. See Magneto- Electric Generator. 

Magneto-Electric Generator. A machine in which there are no field, magnet 
coils; the magnetic field of the machine being due to the action of per- 
manent steel magnets! Usually contracted to magneto. 

Main Plane. In aeronautics/ the main supporting surface of a multiplane. 
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M. A. M. Abbreviation for Association of Motor and Accessory Manufac- 
turers. 

Manifold. A main pipe or chamber into which or from which a number of 
smaller pipes lead to other chambers. See Intake Manifold and Ex- 
haust Manifold. 

Manometer. A device for indicating either the velocity or the pressure of 
the water in the cooling system of a gasoline motor. 

Master Vibrator. A single vibrator which interrupts the current to each of 
a set of several spark coils in order. 

Mean Effective Pressure. The average pressure exerted upon a piston 
throughout its stroke. 

M. E. P. Abbreviation for mean effective pressure. 

Mercury Rectifier. A mercury vapor converter. See Converter. 

Mercury Vapor Converter. An apparatus for converting alternating current 
into direct current by means of a bubble of mercury in a vacuum. 
The vapor of mercury possesses the property of allowing the flow of 
current in one direction only. Its principal use is for charging storage 
batteries. 

Misfire. Failure of the mixture to ignite in the cylinder; usually due to 
poor ignition or poor mixtures. 

Mixing Tube. A tubular carbureter for a gas or gasoline engine. 

Mixing Valve. A device through which air and gas are admitted to form an 
explosive mixture. The carbureter of a gasoline engine combines tho 
mixing valve and vaporizer. 

Monoplane. An aeroplane having one main supporting surface. 

Motocycle. A trade name for a special make of motorcycle. 

Motor, Electric. See Electric Motor, 

Motor, Gasoline. See Gasoline Engine. 

Motorcycle. A bicycle propelled by a gasoline engine. 

Mud-Guard. Metal or leather strips placed over the wheels to catch the 
flying mud and to prevent the clothing from coming in contact with 
the wheels when entering and leaving the car. 

Mufller Cut-Out. See Cut- Out, Muffler. 

Muffler Cut-Out Pedal. See Cut-Out Pedal. 

Muffler, Exhaust. A vessel containing partitions, usually perforated with 
small holes, and designed to reduce the noise occasioned by the exhaust 
gases of an engine, by forcing the gases to expand gradually. 

Muffler Explosion. Explosion of unburned gases in exhaust passages of 
the muffler, usually due to poor ignition or poor mixtures. 

Multiplane. An aeroplane having two or more supporting surfaces. 

Multiple Circuit. A compound circuit in which a number of separate sources 
or electrically operated devices, or both, have all their positive polos 
connected to a single positive conductor and all their negative poles 
to a single negative conductor. 
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H. A, A. M. Abbreviation for National Auooiation of Automobile Manu«' 

facturers. 
Nacelle. In aeronautics, the framework of an airship. 
Huplitha, A product of the distillation of petroleum used to some extent 

for marine engines. 
HegAtiYe Polo. That pole of an eleotrio source through which the eurrent 

is assumed to enter or flow back into the source after having passed 

through the circuit external to the source. 
Non-Deflatable Tire. See Tire, Non-Puncturable, 
Non-Freezing Solution. See Anti- Freeting Solution, 
Non-Puncturable Tire. 8ee Tire, Non^Punciurahle, 
Non-Skid Device. See Ami^Skid Device, 



Odometer. An instrument to be attached to an automobile wheel to 

automatically indicate the distance traveled. 
Ohm. Amount of electrical resistance. Such a resistance as would limit 

the flow of electricity under an electromotive force of one volt to a 

current of one ampere. 
Oil Burner, A burner equipped with an atomiser for breaking up liquid 

fuel into a spray. 
Oil Engine. An internal combustion motor using kerosene or other oil as 

fuel. 
Oil Gauge. A gauge to indicate the flow of oil in the lubricating system. 
Oil Oun. A cylinder with a long point and a spring plunger for squirting 

oil or grease into inaccessible parts of the machine. 
Oil Pump. A small force pump providing a constant positive supply of oil 

under pressure; usually considered to be more reliable than a lubricator. 
Oiler. An automatic device for oiling machinery. 
Opposed Motor. A gasoline engine whose cylinders are arranged in pairs 

on opposite sides of the crank shaft, both connecting rods of each pair 

being connected to the same erank so that the shook of the explosion 

in one will be balanced by the cushioning effect of the compression in 

the other. In general these motors are two-cylinder, horisontal. 
Omithopter. A heavler-than-air, or dynamic, flying machine in which 

flapping wings are used for lifting and propulsion. 
Orthogonal. In aeronautics, flapping flight. 
Orthopter. Another spelling for OrnithopUr. 
Otto Cycle. See Four-Stroke Cycle. 
Outside Spark Gap. See Spark Gap, OuUide, 
Overcharged. The state of a storage battery when it has been eharged nt 

too high a rate or for too great a length of time. 
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Overheating. The act of allowing the motor to reach an excessively high 
temperature due to the heat of combustion being not carried away 
rapidly enough by the cooling devices, or to insufficient lubrication. 
Overheating of a bearing ia due to insufficient lubrication. 



Packing. The material introduced between the parts of couplings, joints, 
or valves, to prevent the leakage of gas or llciuids to or from them. 

Panel. In aeronautics, a vertical surface. 

Panel, Charging. A small switchboard for charging a storage battery. 

Parallel Circuit. See Multiple Circuit. 

Patch, Tire -Repair. Rubber strips for making repairs in punctured or 
ruptured tires. 

Picric Acid. .\cid which may be added to gasoline to increase tlio motor 
efficiency. Gasoline will absorb about five per cent of its weight of 
picric acid. 

Pilot. In aeronautics, the operator of a flying machine. Strictly, one who 
is licensed by an aeronautic club. 

Pinion. A small gear made to run with a larger gear. 

Piston Air Valve. A secondary air valve in the piston of earlier types of gas 
engine to compensate the imperfect operation of surface carbureters 
used with those engines and to secure the injection of a sufficicut quan- 
tity of air to insure the combustion of the charge. 

Piston Rings. Rings about the circumference of a piston, whose diameter is 
slightly greater than that of the piston. These are to insure cU)ser fit 
and prevent wearing of the piston, as the wear is taken up by the 
rings which may be easily removed. 

Pitch. In aeronautics, the distance forward made l)y a propeller in one 
rotation, neglecting the slip. 

Plane. In aeronautics, a flat, or approximately flat, surface. 

Planetary Oear. An arrangement of spur and annular gears in which the 
smaller gears revolve around the main shaft as planets revolve around 
the sun. 

Planetary Transmission. A transmission system in which the speed changes 
are obtained by a set of planetary gears. 

Pneumatic Tire. A tire fltted to the wheels of automobiles, consisting 
usually of two tubes, the outer of india rubber, canvas, and other 
resilient wear-resisting material, and the inner composed of nearly pure 
rubber which is inflated with compressed air to maintain the outer tube 
in its proper form under load. 

Polarizing. Formation of gas at the negative element of a cell so as to 
prevent the action of the battery. This formation of gas is causiul by 
the violent reaction taking place in a circuit of low resistance. 

Polyplane. See Multiplane, 
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Poppet Valve. A disk or drop valve usually seating itself through gravi- 
tation or by means of springs, and frequently opening by suction or 
cams. 

Port. An opening for the passage of the working fluid in an engine. In 
aeronautics, the left side of a vehicle or ship. 

Portable Garage. See Garage, Portable. 

Positive Connection. A connection by which |H)sitivp motion is transmitted 
by means of a crank, bolt, or key, or other method by which slipping is 
eliminated. 

Positive Motion. Motion transmitted by cranks or other method in which 
slipping is eliminated. 

Positive Pole. The source from which electric current is assumed to flow; 
the opposite of negative pole. In a magnet, the positive pole is the 
end of the magnet from which the magnetic flux is assumed to emanate. 

Pounding in Engine. Pounding noise at each revolution, usually caused 
by either tight piston, loose bearing, or premature ignition. 

Power Unit. The engine with fuel, cooling, lubrication, and ignition sys- 
tems, without the transmission or running gears. Sometimes the gear 
set and driving shaft are included by the term. 

Premature Ignition. Ignition of fuel before the proper point in the cycle. 

Pressure Gauge. A gauge for indicating the pressure of a fluid confined 
in a chamber, such as steam in a boiler, etc. 

Pressure Lubricator. A lubricating device in which the oil is forced to the 
bearings by means of a pump or other device for maintaining pressure. 

Pressure Regulator. A device for maintaining the pressure of the steam in 
the principal pi|K^ at a constant point irre.sjK?ctivc of the fluctuations 
of pressure in the boiler. 

Primary Coil. A self-induction coil consisting of several turns of wire about 
an iron core. 

Primary SparK Coil. An induction coil which has only a single winding 
composed of a few layers of insulated copj>er wire wound on a bundle of 
soft iron wires, known as the core. Also called a wipe, or touchy spark 
coil. 

Primer. A pin in a float-feed valve so arranged that it may depress the 
float in priming a gasoline engine. Also called tickler and flushing pin. 

Priming. (1) The carrying of water over with the steam from the boiler 
to the engine, due to dirty water, irregular evaporation, or forced steam- 
ing. (2) Injecting a small amount of gasoline into the cylinder of a 
gasoline engine to assist in starting. 

Progressive Change- Speed Gears. Change-speed gears so arranged that 
higher speeds are obtained by passing through all the intermediate 
steps, and vice versd, 

Prony Brake. A dynamometer to indicate the horse-power of an engine. 
A band encircles the flywheel of the engine and is secured to a lever, 
at the other end of which is a scale to measure the pull. 
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Ptopeller Reaction. In aeronautics, the tendency of a single propeller to 

revolve the vehicle to which it is attached in the opposite direction. 
Pterygoid. In aeronautics, a long and narrow wing. 
Pump, Air-Feed. See Air- Feed Pump, 
Pump, Circulation. See Circulation Pump, 

Pump, Fuel-Feed. A mechanically operated pump for insuring positive 
feed of fuel to the burner of a steam engine or carbureter of a gas 
engine. 

Pump, Oil. See OH Pump. 

Pump, Power Tire. See Tire Pump. 

Pump, Steam Air-. See Air-Feed Pump. 

Pump, Steam Boiler-Feed. See Boiler- Feed Pump, 

Pump, Water Circulating. See Circulation Pump. 

Puncture. The perforation of an inflated rubber automobile tire by some 
sharp substance on the roadbed. 

Puncture-Closing Compound. A viscous compound placed within the inner 
tire tube to close the hole caused by a puncture. 

Pylon. See Derrick, 



Racing Body. A low, light automobile body, having two seats with backs 
as low as possible; designed for large fuel capacity and very high speed. 

Radiator. A device consisting of a large number of small tubes, through 
which the heated water from the jacket of the engine passes to be cooled, 
the heat being conducted from the water by the metal of the radiator 
and carried away therefrom by air. 

Radiator Protector. See Bumper. 

Radius Rod. A bar in the frame of an automobile to assist in maintaining 
the proper distance between centers. Also called distance rod. 

Rawhide Gear. Tooth gears built up of compressed rawhide used for high- 
speed drive. Sometimes a metal gear is merely faced with rawhide for 
the purpose of reducing noise. 

Reactive Stratum. In aeronautics, the stratum of air which is compressed 
beneath an aeroplane surface or behind the blade of a propeller. 

Recometer. Trade name for special make of odometer and recording 
speedometer. 

Rectifier, Alternating Current. See Current Rectifier. 

Relief Cock. See Compression- Relief Cock. 

Removable Rim. See Demountable Rim, 

Resiliency. That property of a material by virtue of which it springs back 
or recoils on removal of pressure, as a spring. 



819 



Digitized by 



Google 



34 GLOSSARY 



Resistance, Electrical. A part of an electric circuit for the purpose of 
opposing the flow of the current in the circuit. The electrical resistance 
of a conductor is that quality of a conductor by virtue of which the 
conductor opposes the passage of electricity through its mass. Its unit 
is the ohm. 

Retarding Ignition. See Ignilian, Retarding, 

Retarding the Spark. See Ignition, Retarding, 

Reverse Cam. On a gasoline engine a cam so arranged that by reversing 
its motion or shifting it along its shaft it will operate the valves and 
cause the engine to reverse. 

Reverse Gear. In a steam engine, a device by which the valves may be set 
to effect moUon of the car in either direction, In a gasoline automobile, 
the reversing gear is usually incorporated with the change-speed gears. 

Reverse Lever. A lever by which the direction of movement of the driving 
wheels may be reversed without reversing the engine. This is usually 
combined with the change-speed levers. 

Rheostat. A device for regulating the flow of current in a closed electrical 
oirCtiit by introducing a series of graduated resistances into the circuit. 

Rib. In aeronautics, a part of an aeroplane to give the correct shape to 
the wing section. 

Rim, Removable. See Demountable Rim, 

Rising Angle. The angle at which an aeroplane ascends 

Road Ifap. A map of a section or locality showing the best roads for motor- 
car travel, and usually the best stopping places and repair stations. 

Roadster. A small motor car designed to be fairly speedy; usually has carry- 
ing capacity for an extra-large quantity of fuel and supplies; generally 
seats two persons, with provision for one or two more, by the attach- 
ment of a rumble seat in the rear. 

Rod, Radius. See Radius Rod, 

Rod| Steering. See Steering Rod, 

Roller Bearings. See Bearings, Roller, 

Roller-Chain. A chain whose links are provided with small rollers to de- 
crease the friction and the noise. 

Rudder. In aeronautics, a surface for steering. 

Rumble. A small single seat to provide for an extra passenger on a two- 
seated vehicle; usually detachable. 

Runabout. A small two-seated vehicle, usually of a lower power and lower 
speed, as well as lower operating radius, than a roadster. 

Runner. In aeronautics, a part of alighting gear used in place of wheels, 
and resembling sled runners. Also called skid. 

Running Gear. The frame, springs, motor, wheels, speed-change gears, 
axles, and machinery of an automobile, without the body; used synony- 
mously with chassis. 
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Safety Plug. See Fusible Plug, 

Safety Valve. A valve seated on the top of a steam boiler, and loaded so 

that when the pressure of the steam exceeds a certain point the valve 

is lifted from the seat and allows the steam to escape. 
Saturated Steam. The quality of the steam when no more steam can be 

made in the closed vessel without raising the temperature or lowering 

the pressure. 
Scavenging. The action of clearing the cylinder of an internal-combustion 

motor of the burned-out gases. 
Screw. An inclined plane wrapped around a cylinder; a cylinder having 

a helical groove cut in its surface. 
Searchlight. A headlight designed to throw a very bright light on the 

road. Acetylene is usually used as an illuminant, and the lamp has 

a parabollo reflector and may be turned to throw the light in any 

direction. 
Secondary Battery. See Accumulator, 
Secondary Circuit. A circuit in which the electromotive force is gen* 

erated by induction from another circuit in which a variable current 

is flowing; as the high-tension circuit of a jump-spark ignition system. 
Secondafy Spark Coil. An induction coil having a double winding upon 

its core. The inner winding is composed of a few layers of insulated 

wire of large size, and the outer winding consisting of a great many 

layers of very small, instdated, copper wire. Also known as a jump- 

spark coil. 
Selective Change-Speed Gears. Change-speed gears so arranged that any 

desired speed combination can be obtained without going through the 

intermediate steps. 
Self-Firing. Ignition of the mixture in a gas engine due to the walls of 

the cylinder or particles attached to them becoming overheated and 

incandescent. 
Self- Starter. See Engine Starter, 
Separator, Steam. A device attached to steam pipes to separate entrained 

water from live steam before it enters the engine, or to separate the 

oily particles from exhaust steam on its way to the condenser. 

Series Circuit. A compound circuit In which the separate sources or the 
separate electrical receiving devices, or both, are so placed that the 
current supplied by each, or passed through each, psisses successively 
through the other circuits from the first to the last. 

Setting Valves. See Valve Setting. 
Shaft, Cam. See Cam Slmft. 
Shaft, Crank. See Crank Shajt. 

Shaft, Inttrmtdiate. The shaft placed between the first and third motion 
gearing and acting as a carrier of motion between the two. 



381 

Digitized by 



Goo^^ 



36 • GLOSSARY 



Shock Absorber. A device attached to the springs or hangers of motor cars 
to decrease the jars due to rough roads instead of allowing them to be 
transmitted to the frame of the carriage. 

Shock Preventer. See Shock Absorber, 

Short Circuit. A shunt or by-path of comparatively small resistance around 
a portion of an electric circuit, by which enough current passes through 
the new path to virtually cut out the part of the circuit around which 
it is passed, and prevent it from receiving any appreciable current. 

Side-Bar Steering. See Steering^ Side-Bar. 

Side-Slipping. See Skidding, 

Silencer. See Muffler, Exhaust, 

Skid. See Runner. 

Skidding. The tendency of the rear wheels to slide sideways to the direc- 
tion of travel, owing to the slight adhesion between tires and the surface 
of the roadbea; also called sideslipping. 

Skimabout. The name of a particular make of speedy roadster. 

Skin Friction. In aeronautics, the friction of the air against surfaces passing 
through it. 

^p. The distance lost in the travel of a propeller. 

Smoke in Exhaust. Smoky appearance in the exhaust due to too rich 
mixture, low grade of fuel, or faulty ignition. 

Soaring, Flight. In aeronautics, gliding flight in an upward direction. 

Solid Tire. See Tire, Solid. 

Sooting of Spark Plug. Fouling of the spark plug with soot, due to poor 
mixture, impure fuel, or improper lubrication. 

Spare Wheel. An extra wheel complete with inflated tire, carried on the 
car for quick replacement of wheel with damaged tire. 

Spark, Advancing. See Advanced Ignition, 

Spark Coil. A coil or coils of wire for producing a spark at the spark plug. 
It may be either a secondary or primary spark coil. 

Spark Gap. A break in the circuit of a jump-spark ignition system for pro- 
ducing a spark within the cylinder to ignite the charge. The spark 
gap is at the end of a small plug called the spark plug. 

Spark Gap, Extra. See Spark Gap, Outside, 

Spark Gap, Outside. A device to overcome the short circuiting in the spark 
gap due to fouling and carbon deposits between the points of the high- 
tension spark plug. It is a form of condenser or capacity in which the 
air acts as the dielectric between two surfaces at the terminals of a 
gap in a high-tension circuit. 

Spark Intensifier. feee Spark Gap, Outside, 

Spark Lever. See Timing Lever. 

Spark Plug. The terminals of the secondary circuit of a jump-spark ignition 
system mounted to leave a spark gap between the terminals projecting 
inside the cylinder for the purpose of igniting the fuel in the cylinder 
by means of a spark crossing the gap between them. 
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Spark Plug, Pocketing. Mounting the spark plug in a recess of the cylinder 
head to reduce the sooting of the sparking points. 

Spark Plug, Sooting of. See Sooting of Spark Plug. 

Spark Regulator. A mechanism by which the time of ignition of the charge 
is varied by a small handle on or near the steering wheel. 

Spark, Retarding. See Ignition^ Retarding. 

Spark Timer. See Timer, Ignition, 

Speaking Tube. See Annunciator. 

Specific Gravity. The weight of a given substance relative to that of an 
equal bulk of some other substance which is taken as a standard of 
comparison. Air or hydrogen is the standard for gases, and water is 
the standard for liquids and solids. 

Specific Heat. The capacity of a substance for removing heat as com- 
pared with that of another which is taken as a standard. The standard 
is generally water. 

Speed-Change Gear. A device whereby the speed ratio of the engine and 
driving wheels of the car is varied. 

Speed-Change Lever. See Lever, Change-Speed. 

Speed Indicator. An instrument for showing the velocity of the car. 

Splash Lubrication. See Lubrication, Splash. 

Spontaneous Ignition. See Self- Firing. 

Sprag. A device to be let down (usually mi the rear of the car) to prevent 
its slipping back when climbing a hill. 

Spring. An elastic body, as a steel rod, plate, or coil, used to receive and 
impart power, regulate motion, or diminish concussion. 

Spring Hangers. See Bodij Hangers. 

Spring, Lift. See Anti-Skid Device. 

Spring, Supplementary. See Shock Absorber. 

Sprocket. A wheel with teeth around the circumference, so shaped that 
the teeth will fit into the links of a chain which drives or is driven by 
the sprocket. 

Stabilizer. In aeronautics, a surface for automatically maintaining 
balance. 

Starboard. The right-hand side of a ship or vessel. 

Starter, Engine. See Engine Starter, 

Starting Crank. A crank by which the engine may be given several revolu- 
tions by hand in order to start it. 

Starting Device. (1) In automobiles, an Engine Starter. (2) In aero- 
nautics, a device for launching of flying machines. 

Starting, Gas Engine. The operation necessary to make the engine auto- 
matically continue its cycle of event*. It usually consists of opening 
the throttle, retarding the spark, closing the ignition circuit, and 
cranking the engine. 

Starting Impulse. In aeronautics, the thrust required for starting aeroplanes. 
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Starting on SpArlc In engines having four or mure cylinders with well- 
fitting pistons, it is often possible to start the motor after it has stood 
idle for some time by simply dosing th« ignition circuit, provided that 
the previous stopping of the engine was done by opening the ignition 
circuit before the throttle was closed, leaving an unexploded charge 
under compression in one of the cylinders. 

Starting Rail. In aeronautics, the rail upon which an aeroplane is run to 
give the initial velocity necessary for starting. 

Starting Truck. A truck upon which an aeroplane is mounted for starting. 

Steam. The vapor of water; the hot invisible vapor given off by water at 
its boiling point. 

Steam Boiler. See Boiler, 

Steam Condenser. See Condenser, 

Steami Cycle of. A series of operations of steam forming a closed circuit, 
a fresh series beginning where another ends ; that is, steam is generated 
in the boilers, passes through the pipes of the engine, doing work suc- 
cessively in its various cylinders, escaping at exhaust pressure to the 
condenser, where it is converted into water and returned to the boiler, 
to go through the same operations once more. 

Steam Engine. A motor depending for its operation on the latent energy 
in steam. 

Steam Gauge. See Pressure Gauge, 

Steam Port. See Admission Port, 

Steering Angle for Front Wheels. Maximum angle of front wheels to the 
axle when making a turn; should be about 35°. 

Steering, Angle of. See Angle of Steering, 

Steering Check. A device for locking the steering gear so that the direction 
will not be changed unless desired. 

Steering Column. See Steering Post, 

Steering Gear. Tfie mechanism by which motion is communicated to the 
front axle of the vehicle, by which the wheels may be turned to guide 
the car as desired. 

Steering Lever. A lever or. handle by which the car is guided. 

Steering Knuckle. A knuckle connecting the steering rods with the front 
axle of the motor. 

Steering Neck. The vertical spindle carried by the steering yoke. It is 
the pivot of the bell crank by which the wheel is turned. 

Steering Pillar. See Steering Post, 

Steering Post. The member through which the twist of the steering wheel 
is transmitted to the steering knuckle. The steering post often carries 
the spark and throttle levers also. 

Steering Rod. The rod which connects the st<;ering gear with the bell cranks 
or pivot arms, by means of which the motor car is guided. 

Steering, Side-Bar. Method of guiding the car by means of an upright bar 
at the side of the seat. 
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Steering Wheel. The wheel by which the driver of a motor car guides it. 
Steering Yoke. The F-shaped piece in which the front axle terminates. 

The yoke carries the vertical steering spindle or steering neck, 
Stephenson-Link Motion. A reversing gear in which the ends of the two 

eccentric rods are connected by a link or quadrant sliding over a block 

at the end of the valve spindle. 
Storage Battery. See Accumulator. 
Strainer, Gasoline. A wire netting for preventing impurities entering the 

gasoline-feed system. 
Strangle Tube. The narrowing of the throat of the carbureter just above 

the air inlets in order to increase the speed of the air, and thus increase 

the proportion of gas which will be picked up. 
Stroke. The distance of travel of a piston from its point of farthest travel 

at one end of the cylinder to its point of farthest travel at the other 

end. Two strokes of the piston take place to every revolution of the 

crank shaft. 
Stud Plate. The plate or frame in a planetary transmission system carrying 

studs upon which the central pinions revolve. 
Suction Valve. The type of admission valve on an internal-combustion 

engine which is opened by the suction of the piston within the cylinder 

and admits the mixture. The valve is normally held to its seat by a 

spring. 
Sulpha ting of Battery. The formation of an inactive coating of lead sulphat-e 

on the surface of the plates of a storage battery. It is a source of loss 

in the battery. 
Superheated Steam. Steam which has been still further heated after 

reaching the point of saturation. 
Supplementary Surface. In aeronautics, a surface small compared with 

the main surfaces of an aeroplane for steeiing or balancing. 
Sustaining Surface. In aeronautics, a horizontal surface for the purpose 

of maintaining a horizontal position; the main plane. 
Swivel Joint. The joint for connecting the steering arm of the wheel- or 

lever-steering mechanism to the arms on the steering wheel. Also 

called knuckle joint. 

T 

Tachometer. An instrument for indicating the number of revolutions made 

by a machine in a unit of time. 
Tail. In aeronautics, the rear part of a flying machine to improve its stability 

and afford attachments for rudders and stabilizers. 
Tandem Engine. A compound engine having two or more cylinders in a 

line, one behind the other, and with pistons attached to the same 

piston rod. 
Tangential. In aeronautics, the forward inclination of the lifting force 

under certain conditions, such that the surfaces tend to advance into 

the wind. 
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Tank Gauge. See Fuel-Level Indicator. 

Tappet Valve. A valve operated by a trip lever, or cam, or some similar 

device to which it is not positively connected. The valves of gasoline 

engines are usually of this type. 
Tazicab. A public motor-driven vehicle in which the fare is automatically 

registered by a taximeter. 
Tazimeter. An instrument in a public vehicle for mechanically indicating 

the fare charged. 
Terminals. The connecting posts of electrical devices ; as batteries or coUs. 
Thermal Unit. Usually called the British Thermal Unit or B. T. U. A 

measure of mechanical work equal to the energy required to raise one 

pound of water one degree Fahrenheit. 
Thermostat. An instrument to automatically regulate the temperature. 
Thermo-Syphon Cooling. A method of cooling the cylinder of a gas engine. 

The water rises from the jackets and syphons into a radiator from 

where it returns to the supply tank, doing away with the necessity for 

a circulating pump. 
Throttle. A valve placed in the admission pipe between the carbureter and 

the admission valve of the motor to control the speed and power of the 

motor by varying the supply of the mixture. 
Throttling. The act of closing the admission pipe of the engine so that the 

gas or steam b admitted to the cylmder less rapidly, thus cutting down 

the speed and power of the engine. 
Tickler. A pin in a carbureter arranged to hold down the float in priming. 

Also called flushing pin and primer. 
Timer, Ignition. An ignition commutator. 

Timing Lever. A lever fitted to gas engines by means of which the time of 
ignition is changed. Also called a spark lever. 

Timing Valve. In a gas engine using float tube ignition, a valve controlling 
the opening between the combustion space and the igniter. 

Tip, Burner. A small earthen, aluminum, or platinum cover for the end of 
the burner tube of an acetylene lamp. It is usually provided with 
two holes, so placed that the jets from them meet and spread out in a 
fan shape. 

Tire, Airless. See Airless Tire, 

Tire Band. A band to protect or repair a damaged pneumatic tire. See 
Tire Protector, 

Tire Case. (1) A leather or metal case for carrying spare tire; same as 
Tire Holder. (2) The outer tube. 

Tire Chain. See Anti-Skid Device. 

Tires, Creeping of. See Creeping of Tires, 

Tire, Cushion. Vehicle tire having a very thick heavy rubber casing and 
very small air space. It is non-puncturable and does not have to be 
inflated, but is not as resilient as a pneumatic tire. 
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Tire Filling. Material to be introduced into the tire to take the place of 

air and do away with puncture troubles. 
Tire Holder. A metal or leather case for carrying spare tires. 
Tire-Inflating Tank. A tank containing compressed air or gas for inflating 

the tires. 
Tire Inflator, Mechanical. A small mechanical pump for inflating pneu- 
matic tires. 
Tire, Non-Deflatable. See Tire, Non-Puncturable. 

Tire, Non-Puncturable. A tire so constructed that it cannot be easily punc- 
tured or will not become deflated when punctured. 
Tire Patch. See Patch, Tire Repair. 
Tire-Pressure Gauge. A pressure gauge to indicate the pressure of air in the 

tire. 
Tire Protector. The sleeve or band placed over a tire to protect it from road 

wear. 
Tire Pump. A pump for furnishing air under pressure to the tire; may be 

either hand- or power-operated. 
Tire, Punctures in. Holes or leaks in pneumatic tires caused by foreign 

substances penetrating the inner tube and allowing the air to 

escape. 
Tire, Single-Tube. A pneumatic tire in which the inner and outer tubes are 

combined. 
Tire Sleeve. A sleeve to protect the injureil part of a pneumatic tire. It 

is a tire protector which covers more of the circumference of the wheel 

than a tire band. See Tire Protector. 
Tire, Solid. A tire made of solid, or nearly H(»lid, rubber. 
Tire Tape. Adhesive tape used to bind the outer tube to the rim in repairing 

tires. 
Tire Valve. A small valve in the inner tube to allow air to be pumped into 

the tube without permitting it to escape. 
Tonneau. The rear seats of a motor car. Literally, the word means a 

round tank or water barrel. 
Torsion Rod. The shaft that transmits the turning impulse from the change 

gears to the rear axle. Usually spoken of as the shaft. 
Touch Spark. See Wipe Spark. 
Tourabout. A light type of touring car. 
Touring Car. A car with no removable rear seats, and a carrying capacity 

of four to seven persons. 
Town Car. A car having the rear seats enclosed but the driver exposed. 

Traction. The act of drawing or state of being drawn. The pull (or push) 
of wheels. ^ 

Tractor. A self-propelled vehicle for hauling other vehicles or implements; 
a traction engine. 

Tractor Screw. In aeronautics, a propeller in front of a vehicle. 
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TrAOtmission Geart. A set of gearing by which power is transmitted. In 
automobiles, usually called change^peed gears. 

Transmission, Individual-Clutch. A transmission consisting of a set of spur 
gears on parallel shafts which are always in mesh, diflferent trains being 
picked up with a separate clutch for each set. 

Transmission, Planetary. A transmission system in which a number of 
pinions revolve about a central pinion in a manner similar to the revolu- 
tion of the planets about the sun ; usual type consists of a central pinion 
surrounded by three or more pinions and an internal gear. 

Transmission Ratio. The ratio of the speed of the crank shaft to the speed 
of the transmission shaft or driving shaft. 

Trantmittion, Sliding-Gear. A transmission system in which sliding change- 
speed gears are used. 

Tread. That part of a wheel which comes in contact with the road. 

Tread, Detachable. A tire covering to protect the outer tube which may be 
taken off or replaced. 

Trembler. The vibrating spring actuated by the induction coil magnet 
which rapidly connects and disconnects the primary circuit in con- 
nection with jump-spark ignition. 

Triplane. An aeroplane having three superposed supporting surfaces. 

Truck. (1) A strong, comparatively slow-speed vehicle, designed for 
transporting heavy loads. (2) A swiveling carriage having small 
wheels, which may be placed under the wheels of a car. 

Try-Cock. A faucet or valve which may be opened by hand to ascertain 
the height of water in the boiler. 

Tube Case. See Tire Case, 

Tube Ignition. See Hot- Tube Ignition, 

Tubing, Flexible. See Flexible Tubing. 

Tubular Radiator. An automobile radiator in which the jacket water cir- 
culates in a series of tubes. 

Two-Cycle or Two- Stroke-Cycle Engine. An internal combustion engine in 
which an impulse occurs at the beginning of every revolution, that is, 
at the beginning of every downward stroke of the piston. 

Two-to-One Gear. The system of gearing in a four-cycle gas engine for 
driving the cam shaft, which must revolve once to every two revolutions 
of the crank shaft. 

u 

Under Frame. The main frame of the chassis or running gear of a motor 
vehicle. 

Uniform Pitch. In at'ronautica, a changing angle of blatic surface from hub 
to tip of a propeller such that all portions of the propeller blade tend 
to advance through the air at the same speed. 
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Universal Joint. A mechanism for endwise oonneotion of two shafts so 
that rotary motion may be transmitted when one shaft is at an angle 
with the other. Also called universal coupling, flexible couplinQf cardan 
joiniy and Hookers joint. 

Upkeep. The expenditure for maintenance or expenditure required to keep 
a vehicle in good condition and repair. 



Vacuum Line. In an indicator diagram, the line of absolute vacuum. It 
is at a distance corresponding to 14.7 pounds below the atmospheric line. 

Valve. A device in a passage by which the flow of liquids or gases may be 
permitted or stopped. 

Valve, Admission. The valve in the admission pipe of the engine leading 
from the carbureter to the cylinder by which the supply of fuel may 
be cut off. 

Valve, Automatic See Automalic Valve. 

Valve Gear. The mechanism by which the motion of the admission or ex- 
haust valve is controlled. 

Valve Grinding. The act of removing marks of corrosion, pitting, etc., 
from the seats and faces of poppet or disk valves. The surfaces to l)c 
ground are rotated in contact with each other, an abrasive having been 
supplied. 

Valve Lifter. A device for raising a poppet valve from Its seat. 

Valve, Mixing. See Mixing Valve. 

Valve, Muffler Cut-Out. See Cut- Out, Muffler. 

Valve Saat. That portion of the engine upon which the valve rests when 
it is closed. 

Valve Setting. The operation of adjusting the valves of an engine so that the 
events of the cycle occur at the proper time. Also called valve timing. 

Valve, Suction, An admission valve which Is opened by the difference be« 
tween the pressures in the atmosphere and in the cylinder. 

Valve Timing. See Valve Setting. 

Vaporizer. A device to vaporise the fuel for an oil engine. In starting it 
is necessary to heat the vaporiser, but the exhaust gases afterwards 
keep it at the proper temperature. The carbureter of the gas engine 
properly belongs under the general head of vaporiser, but the term has 
beeome restricted to the vaporiser for oil engines. 

Variable-Speed Device. See Oear, Change-Speed. 

Vertical Motor. An upright engine whose piston travel is in a vertical plane. 

Vertical Rudder. In aeronautics, an upright rudder for horizontal guiding. 

Vibrator. The part oC the primary circuit of a jurop-spark ignition system 
by which the circuit is rapidly interrupted to give a transformer effect 
in the coil. 

Vibrator, Master. See Master Vibrator. 
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Vis-a-Vis. A horizontal-opposed gas engine. 

Volatile. Passing easily from a liquid to a gaseous state; in opposition to 

fixed. 
Volatilizatioii. Evaporation of liquids upon exposure to the air at ordinary 

temperatures. 
Volt. Practical unit of electromotive force; such an electromotive force 

as would cause a current of one ampere to flow through a resistance of 

one ohm. 
Volt-Ammeter. A voltmeter and an ammeter combined; sometimes refers 

to wattmeter. 
Voltmeter. An instrument for measuring the difference of electric potential 

between the terminals of an electric circuit. It registers the electric 

pressure in volts. 
Vulcanization. The operation of combining sulphur with rubber at a high 

temperature, either to make it soft, pliable, and elastic, or to harden it. 
Vulcanizer. A furnace for the vulcanization of rubber. 

w 

Water-Cooling. Method of removing the heat of an internal combustion 
motor from the cylinders by means of a circulation of water between 
the cylinders and the outer casing. 

Water Gauge. An instrument used to indicate the height of water within 
a boiler or other water system. It consists of a glass tube connected 
at its upper and lower ends with the water system. 

Water Jacket. A casing placed about the cylinder of an internal-combustion 
engine to permit a current of water to flow around it for cooling purposes. 

Watt. The unit of electric power. It is the product of the current in 
amperes flowing in a circuit by the pressure in volts. It is -J^ of a 
horse-power. 

Watt-Hour. The unit of electrical energy. The given watt-hour capacity 
of a battery, for instance, means the ability of a battery to furnish one 
watt for the given number of hours or the given number of watts for 
one hour, or a number of watts for a number of hours such that their 
product will be the given watt-hours. 

Wheel, Dished. A wheel made concave or convex so that the hub is inside 
or outside as compared with the rim. This is to counteract the out- 
ward inclination of the wheel due to the fact that the spindle is tapered 
and that its outward center is lower than its inner center. 

Wheel, Double-Interacting. The mechanism by which two wheels are hung 
on one hub or axle, the outer being shod with an ordinary solid tire 
and the inner with a pneumatic tire so that the weight of the vehicle 
bears against the lowest point of the pneumatic tire of the inner wheel 
to give the durability and tractive properties of a solid tire with the 
resiliency of a pneumatic. 

Wheel, Spare. See Spare Wheel, 
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Wheel Steer. A method of guiding a car by meanfi of a hand wheel. 

Wheel, Steering. See Steering Wheel. 

Wheel, Steering Angle for. Tlie angle which the steering column makes 

with the horizontal. It varies from 90** to 30® or less. 
Wheels, Driving on all Four. The method of using all four wheels of an 

automobile as the driving wheels. 
Wheels, Driving on Front. The method of using the two front wheels as 

the drivers. 
Wheels, Steering on Rear. Method of guiding the vehicle by turning the 

rear wheels. 
Whistle. An automobile accessory consisting of a signalling apparatus 

giving a loud or harsh sound. Also called a ?wm. 
Wind Guard. See Wind Shield, 
Wind Shield. A glass front placed upright on the dash to protect the 

occupants of the car from the wind. 
Wing Arc. In aeronautics, the length of the arc of movement of a flapping 

wing. 
Wing Skid. In aeronautics, a small skid under the tip of the wing to keep 

it from contact with the ground. 
Wing Wheel. In aeronautics, a small wheel imder the end of the wing to 

keep it from contact with the ground. 
Wipe Spark. Form of primary sparking device in which a spark is produced 

by a moving terminal sliding over another terminal, the break thus 

made causing a spark. Also called touch spark. 
Wipe- Spark Coil. A primary spark coil with which the spark is made by 

wiping contact. 
Wire Drawing. The effect of steam passing through a partially closed 

valve or other constricted opening; so called from the thinness of the 

indicator diagram. 
Working Pressure. The safe working pressure of a boiler, usually estimated 

as J of the pressure at which a boiler will burst. 
Worm. A helical screw thread. 
Worm and Sector. A worm gear in which the worm wheel is not complete, 

but is only a sector. Used especially in steering devices. 
Worm Gear. The spiral gear in which a worm or screw is used to rotate a 

wheel. 

Worm Wheel. A wheel rotated by a worm. 



X Spring. A vehicle spring composed of two laminated springs so placed 
one upon the other that they form the letter X. 



Y 

Yoke, Steering. See Steering Yoke, 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia nu- 
merous illustrative examples are worked out in 
detail in order to show the application of the 
various methods and principles. Accompanying 
these are samples for practice which will aid the 
reader in fixing the principles in mind. 

In the following pages are given a large num- 
ber of test questions and problems which aflFord a 
valuable means of testing the reader's knowledge 
of the subjects treated. They will be found excel- 
lent practice for those preparing for Civil Service 
Examinations. In some cases numerical answers 
are given as a further aid in this work. 
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AUTOMOBILES 



PART I 



1. Describe the various parts and groups of mechanLsm which 
are included in the running gear of an automohile. 

2. How should frames l)e constructed so as lK\st to resist the 
tendency to sag or settle? 

3. WTiat is meant by three-poiJii stuspensionf 

4. How are springs connected to frames and to axles respec- 
tively? 

5. WTiat are the two most approved tj-pes of construction of 
front axles? 

G. Describe the differences between the Ihe and dead types 
of rear axle. 

7. Describe the differences between shaft driir and cbtfch 
drive on rear axles. Of what size should rear-axle tubing be? 

8. Describe steering yoke, neck, and knuckle. 

9. Describe fully all steering connections between front axle 
and wheels. 

10. Describe fully the screw-and-nut tj'pe of steering gear. 
How does it differ from the worm-and-gear tjpe? 

11. What five distinct groups of parts or '^systems" are there 
in the power plant of a gasoline-driven car? 

12. Describe the events taking place in each of the four consec- 
utive strokes in a four-cycle gasoline engine. 

13. What is meant by tico^ylinder opposed t\Y>e of engine con- 
struction, and how is this type of engine most advantageously placed 
in the frame of a car? 

14. WTiat is best practice as to materials of construction and 
methods of manufacture for crank-shafts and cam-shafts respec* 
tively? 
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15. What is the tendency of mcklem practice In regard to 
proportioning and action of inlet and exhaust valves? 

IG. What will be the effect on the running of the engine if 
valves do not seat properly? 

17. WTiat points should be observed in grinding valves? 

18. WTiat results if valves are not properly timed? 

19. WTiat methods are employed to set valves correctly that are 
not properly timed? 

20. WTiat are some of the causes of poor compression? 

21. WTiat various methods are employed for cooling the cylin- 
ders of automobile gas engines? 

22. WTiat are the differences between the tubular and cellular 
types of radiators? 

23. WTiat are gaskets, and of what materials are they usually 
made in gas-engine practice? 

24. Give some of the signs of overheating, and tell what steps 
should be taken as soon as overheating is noticed. 

25. How shoiild the water-cooling system he cared for in cold 
weather? 

26. Descril)e briefly the various parts which go to make up the 
gasoline system. 

27. Describe fully what is meant by high-iest gasoline. 

28. Describe fully, with sketch, the float-feed tj'pe of carbureter. 

29. Describe the action of the compensaiwg type of carbureter. 

30. How can one determine whether he has the proper mixture 
of gasoline and air? 
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PARfT II 



1. What are some of the conclusions with regard to ignition 
in gasoline engines that have been reached as a result of many years 
of experimenting? 

2. AMiat regulates the time at which sparking takes place? 

3. Explain the action of the vibrator or trembler portion of a 
spark-coil. 

4. How should the vibrator be adjusted so as to give most 
satisfactory service? 

5. Make a sketch of the wiring of an ignition system using 
dry cells and spark-coil. 

6. AMiat are the advantages and disadvantages of shunt- 
wound direct-current dynamos used for generating electromotive 
force in ignition systems? 

7. How does the magneto differ from tlie shunt-wound dyna- 
mo? What points are in favor of its use in connection with ignition 
systems? 

8. AMiat points should be observed in connection with proper 
care of magnetos? 

9. Specify some requisites of a high-grade spark-coil. 

lOv Explain the make-and-break system of gasoline-engine 
ignition. 

11. How may we determine which is the positive terminal of 
an electric Une which we wish to use for charging storage batteries? 

12. Explain fully how to advance or retard the spark, and tell 
what is accomplished by these actions. 

13. Explain the action of the throttle-lever. 

14. Why should a car not be run with throttle open and spark 
retarded? 
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15. What are the objects of the muffler cut-out and compression- 
relief rods respectively in controlling the engine? 

16. Explain the action of constriction-band clutches. 

17. How are leather or fiber-faced conical disc clutches con- 
structed and operated? 

18. Describe the construction and action of multiple-disc 
chitches. 

19. Describe the construction and action of planetary gears. 

20. Describe the construction and action of a sliding trans- 
mission gear set. 

21. What are the causes of difficulty in changing gears, and of 
gears grinding? 

22. Describe briefly five different types of drive. 

23. What are differential gears? Describe their action. 

24. Discuss lubrication of (a) gas-engine cylinders; (6) trans- 
mission gears and differentials; (c) chains; (d) crank-cases and 
crank-shafts; (e) universal joints; (f) wheels. 

25. Describe the construction and operation of mechanically 
operated lubricators. 

26. Discuss the construction and action of automobile brakes. 

27. Describe construction and adjustment of (a) cylindrical 
bearings; (6) ball bearings; (r) roller bearings; (rf) annular bearings. 

28. WTiat are the first things to he done with a new car? 

29. Give seven points to be observed in starting an engine. 

30. Give some causes of failure of the engine to start. 
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1. What is a cam; what is its function on an automobile 
engine; and how are cams named? 

2. In timing the valves of automobile engines, to what are 
all angles referred? 

3. Give an average set of timing angles. 

4. Describe the method of laying out a cam using these angles. 

5. Describe the action of the sliding sleeves in the Knight 
engine; the rotary sleeve in the Ledru engine. 

6. Describe and give the action of the surface carbureter, 
the filtering carbureter, and the spraying carbureter. 

7. Trace the passage of air and gasoline through a modem 
carbureter, using one of the following: Fig. 25, Fig. 26, Fig. 28, 
Fig. 30, Fig. 43, Fig. 44, or Fig. 48. 

8. Mention some of the different tj-pes of throttle valves, 
and the name of the maker using each kind. 

9. How does the modem float differ from the earliest form? 
Describe its action in some one case, as Fig. 28, Fig. 30, or Fig. 42. 

10. Give "some of the methods of supplying heat to the vapor- 
izing chamber, and the reason for doing this. 

11. Give the arguments in favor of and against the auxiliary 
air valve. Describe the usual form. 

12. How many standpipes or fuel nozzles are ordinarily used 
in carbureters? Mention some makes which use more and the num- 
ber used in each case. 

13. When the engine does not start on the first turn of the 
crank, what is the prime source of trouble to investigate, and bow 
do you go about it? 



887 



Digitized by 



Google 



AUTOMOBILE MECHANISMS 



14. Tell how to fix a bent float stem; a scored float valve seat; 
and a punctured metal float. 

15. Give all the possible sources of trouble in the inlet pipe. 

16. What are the three classes into which self-starting devices 
are divided? 

17. Give one example in each class, and describe its action. 

18. What class is most widely used, and why? 

19. Describe in detail the Saurer system; the Renault; the Grore. 

20. How is the adjustment of wear on valve stems provided for? 

21. What are the diflFerent kinds of floats made of, and what 
is the reason for the use of these materials? 

22. Give the arguments for and against multiple nozzles for 
carbureters. 

23. What is the most important thing in the fluid-operated 
starting system, and why? 

24. Why is it that many cars will start "on the switch"? 
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1. How many different forms of clutches are there? Name 
them. 

2. What is the necessity for a clutch? Give three reasons. 

3. Give an essential point in the design of a clutch, considenng 
(a) the spring; (b) the lining; (c) gradual engagement. 

4. What are the two specific necessities of a cone clutch, and 
how does the angularity affect its action? 

5. Describe a cone clutch, giving a complete explanation of 
spring pressure and power transmitted, using the following data: 

(1) Horse-power 20; speed 1,000 revolutions per min.; average radius 
of cone 8 in.; coeflBcient of friction .25; angle of clutch (0) 12 deg. 

(2) 1,000 r. p. m.; average radius 7 in.; coefficient of friction .22; 
cone angle 14 deg.; spring pressure 200 lbs. 

6. Mention the name and the maker of a band clutch; describe 
the clutch, referring particularly to (1) arrangement of band; (2) 
arrangement of spring; and (3) operating means. 

7. Give the formula for the pull necessary to stop a car. 
What b its value if coefficient of friction is .20, weight of car 2,500 
lbs., road wheels 36 in. diameter, and brake drum 14 in. diameter? 

8. Mention the name and maker of an expanding band clutch; 
describe the clutch, referring to (1) spring; (2) band; and (3) operating 
means. 

9. How does the Warner clutch differ from the expanding 
band? Describe it 

10. Select a true multiple disk clutch, and describe it in detail, 
referring particulariy to (a) number of fixed plates aad anBOge* 
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ment of plates; (6) number of free plates and arrangement of them; 
(c) housing of plates; (d) oiling provision; and (e) spring. 

11. Give in brief the principle of the hydraulic clutch; the 
magnetic clutch. 

12. How many classes of transmissions are there, and what 
are they? Which one is most used and why? 

13. Select one each of the following and describe it fully: 
progressive transmission; selective three speed; selective four speed; 
a transmission with all speeds working both ways; individual clutch 
transmission using disks; and same using internal-external gears. 

14. What are the advantages of planetary transmissions? 
Describe one. 

15. What is the main limitation of the planetary gear? 

16. Name the advantages of friction driving. 

17. Describe the drive using an example with all spurs; one 
with all bevels; and one with both spurs and bevels. 

18. Name and describe an electric driving gear, and give its 
advantages. 

19. Name the forms of gearing used in automobiles. 

20. Which form is most used? Which least, and why? 

21. What form or forms are selected for quiet running? 

22. What item made early worm gears a failure, and later ones 
successful? Wliat is its usual value? 

23. What are the forms of brakes and their subdivisions? 

24. Name and describe one each of the principal forms. 

25. What is the usual number of brakes fitted (a) to a chain- 
driven car; (6) to a shaft-driven car? 

26. Design the brake rods, as to diameter of stock, of a car 
described as follows: weight 2,500 lbs., maximum speed 40 miles 
per hour, tensile strength of material 50,000 lbs., and factor of 
safety 6. 

27. Figure also the distance in which this would stop the above 
car; the distance if the speed were increased to 50 miles per hour. 
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